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for the deviation of the Father*.; stature, and 3/ for that of tht; transmuted 
stature of the Mother. I'hen 3f) is the deviation of the Mid- 

Parcntal stature. As the average Mid-Filial deviation is two-thirds of 
this, it is I X i (Z'* -f AT), or J /* + i Af. 
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CIIAPTOR I. 

I N T 11 O D H C T O R Y. 

I HAVE long 1)eon C‘iigag(*(l upr»n certain problems that 
lie at the base of the science, of henMlity, and during 
several years have pul dished technical ineinoirs concern- 
ing tluiin, a list of which is given in Aj)]>endix A. 
This volume contains the more important of the results, 
set forth in an orderly way, with more completeness 
than has hithtuto been j)ossible, together with a large 
amount of new matter. 

The inquiry relates to the inheritance of moderately 
exceptional qualities by brotherhoods and multitudes 
rather than by individuals, and it is carried on by 
more refined and searching methods than those usually 
employed in hereditary inquiries. 

One of the problems to be dealt with refers to the 
curious regularity commonly obseiwed in the statistical 
peculiarities of great populations during a long series of 



2 


NATURAL INHERITANCE. 


[chap. 


generations. The large do not always beget the large, 
nor the small the small, and yet the observed propor- 
tions between the large and the small in each degree of 
size and in every quality, hardly varies from one gener- 
ation to another. 


A second problem regards the average share con- 
tributeil to the personal features of the offsj)ring by each 
ancestor severally. 'I'liough one half of every child 
may be said to be derived from either parent, yet he 
may receive a heritage from a distant jjrogenitor that 
neither of his j)arents })ossessed as 'personed character- 
istics. Therefore the child does not on the average 
receive so nuieh «ms one half of his personal qualities 
from each panojt, but something less than a half. The 
question 1 have to solve, in a reasonable and not merely 
in a statistical way, is, how much less ? 

The last of the pruldenis that I need mention now, 


eoiK'criis the neanu'ss of kinship in different degrees. 


\V»‘ are all aurced that a brother is nearer akin than a 


ijrplo'w, and a lu'phcw than a cousin, and so on, but 
liow much nearer are they in the [»recise language of 
nunieib'al statenumt ? 


These and many other problems are all fundamentally 
connected, and I have worked them out to a first degree 
of apj)roximation, with some completeness. The con- 
(dusious cannot however be intelligibly presented in 
an introductory chapter. They depend on ideas that 
must first be well comprehended, and which arc now 
iiovid to the large majority of readers and unfamiliar 
to all. But those who care to brace themselves to a 
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sustained eflbrt, need not feel regret that tli(‘ 

road to be travelled over is indirc‘et, and do(‘s not 
admit of being map2)ed beforehand in a way tlicy eaii 
clearly understand. It is full of interest of its own. 
It familiarizes us with the measurement of variability, 
and with curious laws of ehanee that api)ly to a vast 
diversity of social subjects. This ])art of the imjuiry 
may be said to run along a road on a high level, 
that affords wide views in unexi)eeted directions, and 
from which easy descents may be made to totally 
different goals to those we have now to reach. J lan e 
a great subject to write ujH)n, but feel keenly my 
literary incatiacity to make it easily intelligible without 
sacrificing accuracy and thoroughness. 



CHAPTER II. 


TROCESSliS IN HEREDITY. 


Niitunil and Accpiired Per.uliarities. — Transmutation of Female into Male 
Measures.— - Fart icul ate Inheritance. — Family Likeness and Individual 
Variation. — Latent Characteristics. — Heritages that Blend and those 
that are Mutually Exclusive. — Inheritance of Acquired Faculties. — 
Variety of Petty Intluences. 


A CONCISE account of the chief processes in Leredity 
\vill he given in this chapter, partly to serve as a 
reminder to those to whom the works of Darwin especi- 
ally, and of other writers on the subject, arc not 
familiar, but jn incipally for the sake of presenting them 
under an asjiect that best justifies the methods of 
investigation about to be employed. 


Natural and Acquired Peculiarities . — The peculiari- 
ties of men may be roughly sorted into those that 
are natural and those that are acquired. It is of the 
former that 1 am about to speak in this book. They 
are noticeable in every direction, but are nowhere so 
remarkable as in those twins ^ who have been dissimilar 


^ See Human Faculty, 237. 
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in features and disposition fi'om their earliest years, 
thoufjh brought into tlie world under the same eoiidi- 
tions and subsequently nurtured in an almost identical 
manner. It may be that some natural 2>cculiarity does 
not appear till lat(* in life, and yet may justly deserve 
to be considered natural, for if it is dc^cidedly exceptional 
in its character its origin could hardly be ascribed to 
the effects of nurture. If it was also possessed by some 
ancestor, it must be considered to bo heri‘ditary as 
well. But “Natural” is an unfortunate word for 
our purpose ; it iTn])lies that the moment of birtli is 
the earliest date from which the effects of surrounding 
conditions are to be reckoned, altl)ough nurtun* begins 
much earlier than that. I therefore must ask that the 


word “ Natural” should not be construed too literally, 
any more than the analogous phrases of inborn, con- 
genital, and innate. This convenient laxity of (‘Xpres- 
sion for the sake of avoiding a pi'dantie perii)hrase need 
not be accompanied by any laxity of idea. 


T'raiismutation of Female into Mule Measures . — We 
shall have to deal with the hereditary influence of }»arents 
over their offspring, although the characleristics of Iho 
two sexes are so different that it may seem irnpossibjh^ 
to speak of both in the same tenns. The phrase of 
“ Average Stature” may be ap[)licd to two men without 
fear of mistake in its interpretation ; neither can there 
be any mistake when it is applied to two women, but 
what meaning can we attach to the word “ Average ” 
when it is applied to the stature of two such different 
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beinors as the Fatlier and the Motlu^r ? How can we 

o 

appraise the hereditary contributions of different an- 
cestors whether in this or in any other quality, unless 
we take into account the sex of each ancestor, in addi- 
tion to his or her characteristics ? Again, the same 
group of progenitors transmits qualities in different 
measure to the sons and to the daughters ; the sons 
being on tlie whole, by virtue of their sex, stronger, 
taller, hardier, less emotional, and so forth, than the 


daughters. A serious complexity due to sexual differ- 
ences seems to await us at every step when investigating 
the prchlems of heredity. Fortunately we are able to 
evade it altogether by using an artifice at the outset, else, 
looking back as I now can, from the stage which the 
reader will reach when he finishes this book, I hardly 
know how we should have succeeded in making a 


fair start. The artifi(*e is *never to deal with female 


measures as they are observed, but always to employ 
their male equivalents in the plai'c of them. 1 trans- 
mute all the observations of ftmiales before taking 
them in hand, and thenceforward am able to deal 
with them on equal terms with the observed male 
A'alues. For example : the stilt ures of women bear to 
those of men the ]>roportion of about twelve to thir- 
teen. Consequently by adding to each observed female 
stature at the rate of one inch for every foot, we are 
enabled to eom]>are their statures so increased and trans- 
muted, with the observed statures of males, on equal 
terms. If the obsorvt^d stature of a woman is 5 feet, 
it will count by this rule as 5 feet -h 5 inches ; if it be 
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6 feet, as 6 feet + 6 indies ; if feet, as 5| feet + 
5 J indies ; that is to say, as 5 feet +11^ inches.^ 
Similarly as regards sons and daughters ; whatever 
may be observed or concluded concerning daughters 
will, if transmuted, be held true as regarding sons, 
and whatever is said concerning sons, will if rc- 
traiisrauted, be held true for daughters. We shall see 
further on that it is easy to apply this principle to 
all measurable qualities. 


Particulate Inheritance . — All living beings are indi- 
viduals in one aspect and composite in another. They 
arc stable fabrics of an inconceivaldy large number of 
cells, each of whi(*h has in some sense a separate life of 
its own, and which have been combined under influences 
tliJit are the subjects of much speculation, but are as 
yet little understood. We seem to inherit bit by bit, 
this element from one progenitor that from another, 
under conditions that will be more dearly expressed as 
we i^roceed, while the several bits are themselves liable 
to some small change during the process of transmission. 
Inheritance may therefore be described as largely if not 
wdiolly “ particulate,'’ and as such it will be treated in 
these pages. Though this word is good English and 
accurately expi*esses its own meaning, the application 


* The proportion I use is as 100 to 108 ; that is, I multiply every female 
measure by 108, which is a very easy operation Uj those wh«j jKissesK that 
most Useful book to 8tatistic'ian.s, Crelle's Tattles (G. Reimer, Berlin, 1875). 
It jfives the products of all numbers under 1000, eficb inUj each ; m hy 
refeiTing to the column headed 108, the transmuted values of the female 
statures can be read off at once. 
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now made of it will be better understood through an illus- 
tration. Thus, many of the modern buildings in Italy 
are historically known to have been built out of the 
pillaged structures of older days. Here we may observe 
a column or a lintel serving the same purpose for a 
second time, and perhaps bearing an inscription that 
testifies to its origin, while as to the other stones, though 
tlie mason may have chipped them here and there, and 
iiltered th(‘ir shapes a little, few, if any, came direct 
from the (juarry. This simile gives a rude though true 
idea of the exact meaning of Particulate Inheritance, 
namely, that each piece of the new structure is derived 
from a corresponding piece of some older one, as a lintel 
was derived from a lintel, a column from a column, a 
piece of wall from a piece of wall. 

I will pursue this rough simile just one step further, 
which is as much as it will bear. SuppOvSe we were 
building a house with second-hand materials carted 
from a dealer s yard, we should often find considerable 
portions of the same old houses to be still grouped 
together. Materials d(u*ived from various structures 
miglit have been moved and much shuffled together 
in the yard, yet pieces from the same source would 
frequently remain in juxtaposition and it may be 
entangled. They would lie side by side ready to be 
carted away at the same time and to be re-erected 
together anew. So in the process of transmission hj 
inheritance, elements derived from the same ancestor 
are apt to appear in large groups, just as if they had 
clung together in the pre-embryonic stage, as perhaps 
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they did. They form what is well expressed by the 
word “ traits/' traits of feature and character — that is to 
say, continuous features and not isolated points. 

We appear, then, to be severally built up out of a 
liost of minute particles of whose nature we know 
nothing, any one of which may be derived from any 
one progenitor, but which are usually transmitted in 
aggregates, considerable groups being derived from 
the same progenitor. It would seem that while the 
embryo is developing itself, the ]')articles more or less 
qualified for each new post wait as it were in com- 
petition, to obtain it. Also that the particle that 
succeeds, must owe its success partly to accident of 
position and partly to being better qualified tlian any 
equally well placed competitor to gain a lodgment. 
Thus the step by step development of the embryo 
cannot fail to be influenced by an incfilculable number 
of small and mostly unknown circumstances. 

Family Likeness and Individual Variation . — Natural 
peculiarities are apparently due to two broadly different 
causes, the one is Family Likeness and the other is In- 
dividual Variation. They seem to be fundamentally 
opposed, and to require independent discussion, but this 
is not the case altogether, nor indeed in the greater part. 
It will soon be understood how the conditions that 2)ro- 
duce a general resemblance between the offspring and 
their parents, must at the same time give rise to a con- 
siderable amount of individual differences. Therefore T 
need not discuss Family Likeness and Individual Varia- 
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tion undor sopnratn licarls, but as diffcTent effects of the 
same underlying causes. 

Th(^ origin tliesc and other prominent processes 

in heredity is best exj)lain(‘d by illustrations. That 

wliirh will be us(‘d was suggested by those miniature 

gardens, self-made* and self-sown, that may be seen 

ill er(*vie(‘S or e>th(‘r rece*pta(*les for drift(*d earth, on 

the otlierwise* bare faces (if (juarries and cliffs. I have 

freipKmtly studied them througli an opera glass, and 

hav(! oe.casionally elam]K‘r(-*d uj» to comjiare mon* closely 

their resj)(‘(*tiv(‘ vegi‘t:itions. Let ns tlu‘ii siijijiose*. the 

asp(*et of the vegetation, not of oiu* of th(*se detached 

lit til* gardens, but of a parti(*nlar island of substantial 

size, to represent tin* features, boilily and mental, of 

some particular jiareiit. Imagine two sneli islands 

tloatid far away to a disolati* sea, and anchored 

near togelln*r, to represent the two par(*nts. Next 

imuirini* a numb(*r of isUns, I'ach constructed of earth 

that was wholly destitute of scimIs, to In* reared near to 

%■ 

them. Si'(‘ds from both of tin* islands will gradually 
make tln‘ir wav to the i>I(‘ts through the agency of 
winds, currents, and birds. Vegetation will sjiring up, 
and when tin* islets an* covered with it, tln ir several 
aspt'clswill n‘pn*sent the featun*s of tin* several children. 
It is almost impossible that tin* si*eds could ever be 
distribut(*d etpiallv among the ish*ts, and there must be 
slight ditfen*nees betwei*!! them in exposure and other 
conditions, corresponding to differences in pn*-natal 
cin*umstanci‘s. All of these w'oiild have some intiuence 
upon tin* vegetation : ln*ne(‘ there wiuild be a eorre- 
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spending variety in the results. In some islets one 
plant would prevail, in others another; nevertheless 
there would he many traits of famil}' likeness in the 
vegetation of all of them, and no j)lant would be found 
that had not existed in one or other of the islands. 

Though family likeness and individual variations are 
largely due to a eoinmon cause, some variations arc so 
e and otherwise^ remarkable, that they seem to 
uig to a differoJit class. They are known among 
lueediTS as ‘‘sjiorts” ; I will speak of these later on. 


Ijiitvut Charactarl sties , — A not la u* fuel in heredity 
may also 1)e. illustrateil hy tha islands and islets ; 
namelv, that tlie (hild often res(*inl>los an ancestor in 
some, leature or eliaracter that licit I mt of his jiarents 
personally possessed. We are -told that, biiibul seeds 
may li<' dormant for many years, so that when a 
plot of grouml that was formerly cultivated is again 
deejily dug into and ujiturued, plants that had not b(‘e.n 
known to grow on the spot within the memory of man, 
will freipieiitly make their a]>pearanee. It is easy to 
imagine that some of these dormant seeds should tind 
their wav to an i>let, through currents that undermined 
the island elifls and drifted away their (tehris^ aft(*r the 
clifis hud tumbled into the sea. Again, many jilantson 
the islands mav maintain an obsimn; existence, lieing 
hidden and half smothered by successful rivals; but 
whenever their si-eds happened to find their way to any 
one of the islets, while those of their rivals did not, 
they wouhl sprout freely and assert them.si'lves. I'his 
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illustration partly covers the analogous fact of diseases 
and other inheritances ski[>ping a generation, which by 
the way I find to be by no means so usual an occurrence 
as seems popularly to be imagined. 


rltmjes that lilcud and those that are Mutualhj 
— As regards heritages tliat blend in the 
offspring, let us take the case of human skin colour. 
1'he children of the white and the negro are of a 
lih-ndccl tint ; thi'V arc ncillier wholly white nor 
wholly l)lack, neither are they pieliald, but of a fairly 
uniform mulatto lu’iovn. Tin* ([iiadroon child of the 
mulatto and the white has a (juarter tint; some of 
the children mav be altogetlu'r darker or lightiT than 
tin* rest, but they are not ])iebald. Skin-eoloiir is 
therefore a good examph! of what I call 1)lended in- 
heritance. It nee<l be none the less “ partieulatc ” 
in its origin, but the result may be regarded as a fine 
inosaie too niiuuU* for its elements to be distinguished 


in a general view. 

Next as n»gard.s heritages that eume altogctlier from 
one j)rogciiiior to the ex<*lusiou of tin* rest. Eye-eolour 
is a fairly go(nl illustration of this, the chihlren of a 
light -eyt*d and of a dark-eyed parent being much more 
apt to take their eye-colours after tlie one or the <»tlier 
than to have intermediate and blended tints. 

There are probably no heritages that perfeetly l>lend 
or that absolutely oxelude one ain»thcr, but all ln‘ntages 

V O 

have a tendenev in one or the other direetion, and the 
tendency is often a very .strong one. This is j»aralleled 
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by what we may see in plots of wild vegetation, where 
two varieties of a plant mix freely, and the general 
aspect of the vegetation becomes a blend of the two, 
or where individuals of one variety congregate and take 
exclusive possession of one jJacc, and those of another 
variety congn^gatc in another. 


A peculiar interest attaches itself to mutually exclu- 
sive lieritages, owing to the aid they must afford to the 
establishment of incipient races. A solitary peculiarity 
that ]ileiKl(‘d freely with the characteristics of the jiarent 
stock, would disa])pear in hereditary transmission, as 
quickly as the white tint imjiorted by a solitary Euro- 
]»eau would disapjiear in a black population. If the 
European mated at all, his spouse must be Idack, and 
tlnTcIbre in the very first generation the offspring 
woidd be mulattocs, and half of his whiteness w'ould 
Ik* lost to th(*m. If these mulattocs did not int<T- 
breed, the whiteness W'ould be reduced in the sec(»nd 
generatiiai to one (juarter ; in a very few more genera- 
tions all recognizable trace of it W’ould liav(^ gone. 
But if the whit(*n<'ss refused to blend w’itli the black- 


ness, some of the offspring of the white man wamld be 
w’holly white and the rest wholly black. The same 
event would occur in the grand(*hildren, mo.stly but 
not exclusively in the children of the white offspring, 
and so on in subsequent generations. Tlierefore, 
unle.ss the white stock became wholly extinct, some 
undiluted sj»ecimens of it would make their aj>j)ear- 
ance during an indeGnite time, giving it repeated 
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cliances of holding its own in the struggle for existence, 
and of (‘stiddisliing its(*lf if its qualities were superior 
to those of th(‘ blaek stoc^k under any one of many 
different conditions. 


^ntifurc nf Acquired Faculties . — I am unpre- 
]>:ir(*d to say more tlian a few words on the obscure, 
unsettled, and much discussed subject of tlie possibility 
c»f transmitting aeejuin'd faeultii*s. The main evidence' 
in its favour is tin' gradual change of the instincts of 
races at. large, in coiilbrmity with (‘hanged habits, and 
through t lu'ir iin*n*as(‘d adaptation to tlnar surroundings, 
otlierwis(' aimarmllv than througli tlie inHuonce of 
Natural Seh'ction. ^1 hc're is vt'rv^' little direct evidence 
of its inllueiict* in the cniirse of a sitigle generation, if 
tlio j)liras(‘ of Af(juir(“il Kafultit's is used in porfeot 
strictiu'ss ami all iulmritam-f is excluded that could ho 
referred to soino form of Natural Selc'ctioii, or of 
Infection before hirtli, or of peculiarities of Nurture 
and Kearinjj;. Moreover, a larg<‘ deduction from the 
eolleclion of rare casi-s must he made on the ground 
of their being aeeidental eoimidenees. When this 
is dt)ne, the remaining instanees of acquired disease 
or faeulty, or of any mutilation being transmitted from 
parent to chil<l, arc vmy few. Some apparent evidenec 
of a j>osiliv(' kind, that was formerly relied upon, ha.s 
heen sinee found eapahle of being interpreted in another 
way, and is tio longer addiieed. ( >n the other hand there 
exi.sts sueh a vast ma.ss of distinctly negative evidence', 
(liat every instance offered to jimve the transmission 
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of acquired faculties re<juires to he closely criticized. 
For example, a woman who was sober liec.oiiics a 
drunkard. Her children born during the period of luu* 
sobriety are said to be <j[uitt‘ healthy ; her subsequent chil- 
dren are said to be neurotic. Tlie olqections to acct‘pting 
tills as a valid instance in jioint are many. Tlie woman^s 
tissues must have been drenclied with alcohol, and tlio 
unborn infant aleoholise<l during all its existence in that 
state. The quality of thi‘ inothiu-’ s milk would be bad. 
The surroundings of a home under the charge? of a, 
drunken woman would be ])n‘judicial to the licaltli of 
a gi’owing (‘hild. No wonder that it bc'came neurotic. 
Again, a large number (»f diseases are conveyt'd by 
germs capable of ]»as.sing from tln^ tissues of I he 
mother into those of the unborn (*liild otli(*r\vise than 
through the blood. Mor(‘OVer it must be reeolh‘el(‘d 
that the conni‘etion between the unborn child and the. 
mother is hardly mon* intimate than that between some 
jjarasites and the animals on which they li\e. Not 
a single nerve has been traced between them, not a 
droj) of blood’ has been found to jiass from the mother 
to the child. The unborn child lomither with the 

growth to which it is attached, and whi<*h is afterwards 
thrown off, have their own vascular svslein to tlnmi- 
selves, entirely inde])Oii<lcnt of tli:it of tlie tiiolln r. 
If in an anatomical prejiaration the veins (»f tlie motlier 
are injected with a coloured fliuM, nom* of it enters the 
Veins of the child ; conversely, if the v<*ins of tin? child 

* L4»riurf it ]ty William O. Prii'Hlh'V, M.D. (< 'Ijnrcliill, liOiHloii, ISdO) 
pl>. 50, 52, 55, .M», ami 04. 
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are injected, none of the fluid enters those of the 
mother. Af^^ain, not only is the unborn child a sepa- 
rate animal from its mf)ther, that obtains its air and 
nourishment fnun her purely through soakage, but its 
constituent elements are of very much less recent 
growth than is popularly supposed. The ovary of 
the mother is as old as the mother herself; it was well 
d<?veloped in her own embryonic state. The ova it con- 
tains in her adult life were actually or potentially ])resent 
b(ifore sin* was born, and they grew as she grew. There 
is more reason to look on th(*m as collateral with the 
motiicr, than as parts <»f tin*, mother. The same may 
1 m* said with little res(‘rvation concerning the male 
clenn*nts. It is tln*refor(* e.xtr(*melv difticult to see 
how a(M|uir(Ml fac.ullit‘s can be inluTited by the children. 
It would be loss difliciilt to conc<*ive of their inheritance 
by the grand<*hildren. Well devised experiment into 
the limits of tl?e ]M»W(*r of inheriting acquired faculties 
ami mutilations, wlntln*!* in jdants or animals, is one of 
the pr(*sent desiderata in ln*reditary scienct*. Fortunately 
for us, our ignorance of the subject will not introduce 
any sjM’cial difliculty in the iin|uiry on which we are 
innv engaged. 


I onV/y of Pettif Ihjhivhovs , — The incalculable number 
of petty aceidents that concur to produce variability 
among brothers, make it impossible to predict the 
exact quidities of any individual from hereditary data. 
lUit we may predict average results with great cer- 
tainty, as will be seen further ou, and we can also 
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obtain })r(‘cise information t»oncerning the penumbra 
of uncertainty that attjiches itself to single predic- 
tions. It would be premature to speak further of 
this at present ; what has been said is enough to give 
a clue to the chief motive of this chapter. Its 
intention has been to show the large ]>art that is always 
jdayed by chance in the course of hereditary transmission, 
and to establish the importance of an intelligent use of 
the laws of chan<‘e and of the stiitistical methods that 
are b.'ised uixm th<*in, in expressing the conditions 
under which hereditv acts. 


I may here j)oint out that, as the ]>roccsses of statis- 
tics are themselves ]>roccsses of intimate bhunlings, tlicir 
results are the same, whether tin* materials bad lM*(‘n 


partially bhmded or not, lM*fore tin y were statistically 
taken in hand. 



CHAPTER ur. 


OIMIAXIC STAIilLITV. 


Slructuro. — Tilial r*‘latIon. — Stable Fi)rms. — SiilaiTilinate posi- 
lidiis of Staltililv. ShiMlity of SjH)rK — of mixtMl 

Ty|'C'5.--Kvohitio!i iiol l*y ininuk* only. 

lent SfraeftfiT, — Tlu‘ total heritiiufo of each man 
must include a j^reater variety of mat(‘rial tlian was 
utilised in forming his perscmal structure. The existence 
in some latent form of an unused portion is proved by 
his })o\vor, already alluded to, of transmitting ancestral 
cliaracters that In^ did not personally exhibit. Therc- 
f«>re the organis(‘d structure of each individual should be 
viewed as the fultilmeiit of only one out of an indefinite 
numbt‘r of mutually exclusive pos>ibilities. Ilis struc- 
ture is the coherimt and more or less stable development 
of what is no more than an imperfect sample of a large 
variety of elements. 

'riie precise eonditituis under which each several 
element or j»article (whatever may be it.s nature) finds 
its way into the samj)le are, it is needless to repeat, 
unknown, but we may provisionally classify them under 
one or other of the following throe categories, as they 
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apparently exhaust all reasouahle possibilities : first, that 
in which each element selects its most siiitalJe immediato 
neighbourhood, in aeeordanee with the guiding idea in 
Darwin’s theory of Paiigenesis ; secondly, that of more 
or less general co-ordination of the intluenees exerted on 
each eh*moiit, not only by its imnu‘diate neighboin‘s, but 
by many or most of the others as well ; linally, that of 
accident or chance, under which name a grouji of agen- 
cies are to b(*> compreheinled, div(‘rse in character 
and alike only in the fact that tluir influence on tlie 
settlement of each jiarticle was not immediately directed 
towards that end. In j>hiloso])hi(‘al language we say 
that such agencies an* in»t jnirposivt*, or that they are 
not teleological ; in pojailar language th(*y an* callcil 
accidents or chances. 


Filial JMat loti. — A conviction tliat inheritance 


mainly particulate and much influenced by <hanc(*, 
greatly affects our idea of kinshij» and makes us con- 
sider the parental and filial relation to he curiously 
circuitous. It ajipcars that there is no direct hereditary 
relation l>etwcen the personid parents and the ]»ersonal 
child, except perhaps through little-known clianiicls of 
secondary imjiortaneo, but that the* main line of 
horeditiiry connection unites the sets of clenuuits out 
of which the personal parents had been evolved with 
the sc‘t out of which the personal child was evolved. 
The main line may be mdely likened to the chain of a 
necklace, and the personalities to pendants attached to 
its links. We arc unable to sec the particles and 
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watch their grcuping, and we know nothing directly 
about tliem, hut wc may gain some idea of the various 
possible results l)y noting the differences l)etween the 
brothers in any large fraternity (as will be done further 
on with much minuteness), whose total heritages must 
have been much {dike, but whose personal structures 
are ofUm very dissimilar. This is why it is so im- 
portant in hereditary inquiry to deal with fraternities 
rather than with individuals, and with large fraternities 
rather than small ones. We ought, for example, to 
eompani thci group containing botli ])arents and all the 
uncles and aunts, with that containing all the children. 
The relative wcught to be assigned to the uncles and 
aunts is a question of detail to be discussed in its 
})rop(*r phu'c further on (sec Chap. XL) 

Stable Forties . — The changers in the substance of the 
newlv-fertilised ova of all animals, of which more is 
annuallv becoming known, ^ indicate segregations as 
well as aggregations, and it is reasonable to suppose 
that repulsions concur with atlinities in producing 
tlicin. We know nothing ns vet of the nature of 
these nflinities and repulsions, but wc may expect them 
to net in great numbers and on all sides in a space 
of three dimensions, just ns the personal likings and dis- 


' A vuluaMe memoir on tlie Htate of onr knowltMlj:^' of these matters np 
to the eiul of 1887 is pulilislied in Vol. XIX, of tlie J*roc/edinfff of t/te 
rhiUm^yhicat Socifty o/* and n'prmted under the title of Thf. 

Cell Theory^ anti Theories as to the Physiological llasie of Jlereflity^ 
hy Prof. John Gray McKendrick, M.D., F.RS.,&c, (R Anderstm, Glasgow, 
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likiugs of each individual insect in a flying swarm may 
be siij posed to determine the position that ho oeeiipies 
in it. Every particle must have many immediate neigh- 
bours. Even a sphere surrounded by other sj)heres of 
C(jual sizes, like a cannon-ball in the middle of a heap, 
when tlioy are piled in the mo.st compact form, is in 
actual contact with no 1(‘S8 than twelve othcis. We may 
therefon* feel a.ssured that the jnirticles which arc still 
unfixed must be afl’ected by very numerous influences 
acting from all sides ajid varying w'itli slight clianges of 
plata*, and that they may occu])y many positions of tem- 
porary and un.stcady ((juililirium, and be subject to 
repeat»'d unsctth‘ment, befon* they finally assume the 
po.sitinns in which they severally remain at rest. 

The wliimsieal efl’eet.s of e.lianrx* ill priMlueing stable 
results are c(»mmon en<»ugh. Tangled strings variously 
twitclnul, .s<ion get thems(*Iv«‘.s Into tight knots. Kuh- 
l)ish thrown down a sink is pretty sun* in time to ehoke 
the j»ij)e ; no one bit may be so large as its bore, but 
several bits in their numenms ehanee encounters will 


at huigth so come into collision as to wedge themselves 
into a .s<»rt <.»f arch across the tube, ami efl’ectually plug 
it. Many years ag<> Mieie was a fall of large* stones fnun 


the niinous walls of Kenilworth ( asth*. 


Three of them, 


if 1 recollect rightly, or possibly four, fe ll inte> a very 
peculiar arrangement, and bridged tin* interval betw(‘en 
the jamb.s of an old window. There they stuck fast, 
sbow’ing elearly against the sky. The oddity of the 
structure attracted eontinual attention, and it.s stability 
wa.s much commented on. These hanging stones, as 
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they wore called, rennained quite firm for many years ; 
at lonf{tli a ntorm shook thorn down. 

In every congregation of mutually reacting elements, 
some charact(*ristic groupings arc usually recognised 
that have become familiar through their frequent re- 
currence and partial j)crsistence. Being less evanescent 
than other combinations, they may be regarded as 
tcm]>orarily Stcublo Forms. No demonstration is 
n(‘odcd to show that their number must be greatly 
smaller than that of all the possible combinations of 
the same (ilomonts. 1 will briefiy give as great a 
diversity of instances as I can think of, taken from 
(Jovt‘ruments, Crowds, Landscapes, and even from 
(V)okerv, and shall afterwards draw some illustrations 
from IMi'clianieal Inventions, to illustrate what is meant 
by eharact(*ristic ami stable groupings. From some 
of them it will also l)e gathered that secondary and 
other orders of stal»ilit-y exist besides the primary 
ones. 

In tioverninents, tln^ jirirnary varieties of stable forms 
are very few in number, being such as autocracic.s, con- 
stitutional immarcliies, oligarchies, or republics. The 
secondary forms an* far more numerous ; still it is hard 
to meet with an instance of one that cannot be pretty 
clost'ly parallchMl by another. A curious evidence of 
the small variety of jmssible governments is to be found 
in the constitutions of the governing bodies of the 
Scitmtifie Soeietie.s of London and the Provinces, which 
arc numerous and independent. Their development 
seems to follow a single e4>urse that has many stages, 
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and invariably tends to establish the following staff (>f 
officers: President, viee-Presidents, a (^oiineil, Honorarv 
Secretaries, a paid Secretary, Trustees, and a Treasurer. 
As Britons are not unfrequeutly servile to rank, sonn* 
seek a purely ornamental Patron as well. 

Every variety of thowd has its own eharael(‘ri.sti(* 
features. At a national pa«reant, an evenin*^ party, a 
race-<*ourse, a marriage, or a funeral, the grouj»ings in 
eaeli case recur so hal>itually that it snmelimes aj>p(*ars 
to me a.s il time had noexist(*nee, and that tlie (tenunony 
in which 1 am taking ]iart is identical witli others at 
which 1 had been pivseut one year, t(*n years, twenty 
vetirs, or any other lime a<:»o. 

The fretjiient eoml>inalion of the sann* featurc^s in 
Landscape Scenery, jiislitit s tin* use of Bueh e\pr<‘ssiojis 
a.s tru(‘ to nalui’e/’ when a]»plied to a juetorial com- 
]>osition or to the de.seription^ of a novel writrj*. Tln^ 
experiences of Iravil in one part of the world may 
i'uriously re.seml)li* those in ainahi'r. ddius the military 
expedition by boats up tin* Nile was planned from 
experiences oaini'd on the Bed lliviu' of North Ann rica, 
and was carried out with the aid of (’anadian coyat/i urn. 
The snow mountains all over tlie world pre.sent the 
same peculiar diffieultie.s to thi* climlM*r, so that Swi.ss 
experiences and in many ca.ses Swi.ss guides have; heeii 
used for tin* exploration of the Himalayas, the ( aueasu.s, 
the loftv mountains of New Zealand, the Andes, and 


Greenland. Whenever the general conditions of a 
new countr}* resemble our own, we recognise character- 
istic and familiar features at every turn, wliether we 
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are walking by the brookside, along the seashore, iu 
the woods, or on the hills. 

Even in Cookery it seems difficult to invent a new 
and good dish, though the current recipes are few, and 
the })r(>p()rtions of the flour, sugar, butter, eggs, &c., 
used in making them might be indefinitely varied and 
be still eatabh^. I consulted cookery books to learn the 
fat^ts authoritatively, and found the following passage : 
“ 1 have constantly kept in view the leading principles 
(»f this work, namely, to give in these domestic recipes 
the ino.st exact (juantiiics, ... I maintain that one 
cannot be too cart ful ; it is the only way to }mt an end 
to those approx inial ions and doiilHs which will l)eset the 
steps of the inexperienced, ami which account for so 
many })e(»i)le eating iudillerent meals at home.*’^ 

It is the triteiii'ss of these experiences that makes 
the most varied life monotonous aftt^r a time, and many 
<»ld men as well as Solomon have fretjuent occasion to 
lament that there is nothing new under the sun. 

The object of these diverse illustrations is to imprcvss 
the meaning I wish to convey, by the phrase of stable 
forms or groui>iiigs, vvhieh, huw(*ver uncertain it may be 
in outliin‘, is perfectly distinct in sid»stance. 


Every one of the mt'anings that have been attached 
by writers to the vague but convenient word “ type has 
for its central idea the existence of a limited numl)er 


' Thr lioyal CiHdrry JiiHfk, Ity Julvt* Cajiiffo, Ulu f »lt* Uui^ilR■ of the Paris 
J»K:k«*y Club ; traiislati^l l>y Alphonse GoutFe, ileml Pastry CVn^k to U.M. 
iho QiK'vn, Siuu}>Hi»u Lk»w. lSt>a. liiin>ductiuii, p. 9. 
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of frequently rccui-rent forms.' The word etymologically 
compares these forms to the identical medals that may 
be struck by one or other of a set of dies. The central 
idea on which the phrase “ stable forms ” is based is of 
the ssime kind, while the i>hrasc further accounts for 
their origiu, vaguely it may be, but still significantly, 
by showing that though we know little or nothing of 
details, the result of organic groupings is analogous to 
much that we notice elsewhere on every side. 


Suhurdinate jmitioiis of Utahilihj . — Of course there 
are difi'erent degrees of stability. If the same structural 
form recurs in successively descending generations, its 
stabilitv must be meat, otherwise it could not have 
withstood the eli’ect.s of tlie admixture of equal doses of 
alien ehuiieiits in successive generations. Such a form 
Well deserves to be called typical. A breeder would 
always be alile to estaldish it. It tends of itself to 
become a new and stalde variety ; therefore all the 
breedi*r has to attend to is to give fair play to its 
tendeiK-y, by weeding out from among its offspring such 
reversions to other ffnins as may crop up from time to 
time, and by preserving tln^ breed from rival admixtures 
until it has become confirmed, and adapted in every 
minute particular to its surroundings. 

Personal Forms may be compared tn Human Inven- 
tions, as these also may be divided into types, sub-types, 
and deviations from them. Every important inven- 
tion is a new tyjie, and of such a definite kind us t^i 
admit of clear verbal description, and so of becoming 
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the subject of patent rights ; at the same time it need 
not be so minutely defined as to exclude the possibility 
of small improvements or of deviations from the main 
design, any of whicli may be freely adopted by the in- 
ventor without losing tlie ])rotection of his patent. But 
the range of prot(*ction is by no means sharply distinct, 
as most inventors know to their cost. Some other man, 
wlio may or may not lu* a plagiarist, applies for a sepa- 
rate patent for himself, on the ground that he has intro- 
duced modifications of a fundamiuital character ; in other 


woi'ds, that he lias created a fresh tyjie. His application 
is op])os(Ml, and the (juestion whether his jilea be valid 
or not, becomes a subj(‘ct for legal decision. 

Wlienever a patent is granted subsidiary to another, 
and lawful to be used only by those who have acquired 
rights to work the primary invention, then we should 
rank the new ] latent as a secondary and not as a 
jirimary type. Thus we see that mechanieal inventions 


offer good examples of tyjies, sub-types, and mere 
deviations. 


The thr(‘e kinds of public carriages tliat cliaracterise 
the streets of kondon ; namely, omnibuses, hansoms, 
and four-wln*elers, an* specific and excellent illustra- 
tions of what 1 wish to express by mechanical types, 
as distinguished from sub-typiNs. Attempted improve- 
ments in each of them are vearlv seen, but none have as 
yet superseded the old familiar patterns, wlneh cannot, 
ns it thus far nj>pears, be changed with advantage, taking 
the cireunistniices of London as they are. Yet there 
have been numerous subsidiary and paUmted contriv- 
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auces, each a distinct step in the improvement of one 
or other of the three primary types, and there are or 
may be in each of tlie three an indefinite number 
of varieties in details, too unimportant to be subjects 
of patent rights. 

The broad classes, of primary or subordinate types, 
and of mere deviations from them, are separated by no 
well-defined frontiei’s. Still the distinction is very ser- 
viceable, so much so that the whole of the laws of patent 
and copyright depend u}»on it, and it forms the only 
foundation for the title to a vast amount of valuable 
property. Corresponding forms of classification must 
be equally approjuiate to the organic structure of all 
living things. 

Mfxlch — The distinction bct\ve<ui primary and sub- 
ordinate positions of stability will be made clearer by the 



help of Fig 1, which is drawn from a model I made. The 
model has more sides, but Fig. 1 suffices for illustration. 
It is a polygonal slab that can be made to stand on any 
one of its edges when set upon a level table, and is 
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intended to illustrate the meaning of primary and sub- 
ordinate stability in organic structures, although the 
conditions of tliese must be far more complex than 
anything w(^ have wits to imagine. The model and the 
organic structure have tlie cardinal fact in common, that 
if either is disturbed without transgressing the range of 
its stability, it will tend to re-establish itself, but if the 
rang(! is overpassed it will topple over into a new 
jiosition ; also tliat both of them are more likely to 
top[>le over towards the position of primary stability, 
than away from it. 

Tlie ultimate jioint to In* illustrat(‘d is this. Though a 
long (*sial)lished race habitually breeds true to its kind, 
subject to small unstable d(‘viations, yet every now and 
lhi*u the offspring of these deviations do not tend to 
rev(a*t, but possess some small stability of their own. 
They therefore have the eharaetor of sub-tyj>es, always, 
however, with a reserv(‘d teiidenev under strained con- 
ditions, to revert to the eairlier ty[»e. The model further 
illustrates the fact that sometimes a sport may occur of 
such marked ia*euliaritv and stability as to rank as a 
new tyj)(\ eajuible of becoming tlu* origin of a new race 
with very little assistance on tht* j»art of natural selection. 
Also, that a new type may be ri*ached without any large 
single stride, but through a fortunate and rapid succession 
of many small ones. 

The model is a j>olygonal slab, the polygon being one 
that might have been described within an oval, and it is 
so shaped as to stand on any one of its edges. When the 
slab rests as in Fig. 1, on the edge a b, corresponding to 
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the shorter diameter of the oval, it stands in its most 
stable position, and in one from which it is equally diffi- 
cult to dislodge it by a tilt either forwards or backwards. 
So long as it is merely tilted it will fall back on being 
left alone, and its position when merely tilted corre- 
sponds to a simple deviation. But when it is pushed 
with sufficient force, it will tumble on to the next 
edge, B into a new position of stability. It will 
rest there, but less securely than in its first position ; 
moreover its range of stability will no longer be dis- 
posed symmetrically. A comparatively sliglit push from 
the front w’ill suffice to make it tumble l)ack, a com- 
paratively heavy push from behind is necnled to make 
it tuml)le fonvard. If it be tumbled over into a 
thir<l ]K)sition (not shown in the Fig.), the process 
just descrila’d may recur with (‘xaggeratcd (dfect, and 
similarly for many subsequent ones. If, however, the 
slab i.s at length brought to r(‘st on the edge c D, 
most nearly coiTcsponding to its longest diameter, tlie 
next onward push, which may be very slight, will suffhai 
to to])ple it over into an (uitirely new system of stability ; 
in other words, a sport” comes suddenly into exist- 
ence. Or the fmuro mifrht have been drawn with its 
longest diameter passing into a projecting s[>ur, so that 
a push of extreme strength would be required to topj>le 
it entirely over. 

If the first position, a n, i.s taken to represent a type, 
the other portions will represent sub- types. All the 
stable positions on the same side of the longer diameter 
are subordinate to tlie first position. On whichever of 
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of them the polygon mny stand, its principal tendency 
on bcinff serious] v distui*l)ed will be to fall back towards 
the first position ; yet each position is stable within 
certain limits. 

(Consequently the model illustrates how the following 
(^fmditions may co-exist: (1) Variability within narrow 
limits witliout prejudice to the purity of the breed. 
(2) Partly stiible sub-types. (3) Tendency, when much 
(listurbed, to revert from a sub-type to an earlier form. 
(4) Occasional sports which may give rise to new types. 


— Experience does not sliow that 
those wide varieties which are called ‘^sports ’* are 
unstable. On the contrary, they are often transmitted 
in succt‘ssiv(‘ geiu‘rations with curious persistence. 
Neither is there any reason for expecting otherwise. 
^Vhile we < an well undersLind that a strained modi- 


fication of a type would not be .so stable as one that 
approximates more nearly to the typical centre, the 


variety may be* so wide that it falls into diiferent condi- 


of stability and ceases to be a strained modification 


o[' the original tyj»e. 

The hansom cab was originally a marvellous novelty. 
In the language of breeders it was a sudden and re- 
markable “ sport.” yet the .suddt‘nness of its appearance 
has been n<) bar to its unchanging hold on popular 
favour. It is not a monstrous anomaly of incongruous 

w O 

l»arts, and therefore unstable, but quite the contmry. 
Many other insUinces of very novel and yet stable 
inventions could be quoted. One of the earliest 
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electrical batteries was that which is still known as a 
Grove battery, being the invention of Sir William Grove. 
Its principle was quite new at the time, and it continues 
in use without alteration. 

The persistence in inlieritance of trifling characteristics, 
such ns a mole, a white tuft of hair, or multiple fingers, 
has often been remarked. The reason of it is, I presume, 
that such characteristics have iiKtonsiderable influence 
upon the general organic stability; they are mere 
excre.scences, tliat may be associated with very dith'rent 
types, and are therefore inlieri tabic without hit or 
hindrance. 

It seems to me that stability of tyj)e, about which wii 
as yet know very little, must be an important factor in 
tlie gcimral tli<*ory of licrcality, when the theory is 
ajtjdied to cas<s of high breeding. It will be shown 
later on, at what point a separate allowance re(juin‘S 
to be. made fnr it. 15ut in the. earlier and prineipal 
part of the im|inry, whic h deals with the inheritance of 
qualities that ar<i only (*xeeptional in a sm.all degree., a 
se])arate allowanee dots not appear to l>e reipiired. 


lufertiUty of Mi j'cd Tyjif's . — It is not difticult to see 
in a general way why very different types should refuse 
to Coalesce, and it is scarcely possible to explain the 
reason why, more elearly than by an illustratioTi. Thus 
a useful blend between a four-wheeler and a hansom 
would be impossible ; it would have to run on three 
wheels and the halfway position for the driver would 
upon its roof. A blend w’ould be equally impossible 
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between an omnibus and a hansom, and it would be 
difficult between an omnibus and a four-wheeler. 


Evolution not hy Minnie Stej)s Only . — The theory 
of Natural Selection might dispense with a restriction, 
for whi(*h it is difficult to see either the need or the 
justification, namely, that th(^ course of (^volution always 
]>roceeds by gt(ips tliat are seviu-ally minute, and that 
bcM'ome (‘ffectiv(‘. only tlinnigh arcumulation. That 
the. sl<*j>s inoy be small and that th<‘y must hv small are 
very different views; it is only to the latter that 1 
ohjeet, ainl only when the ind(*finite word “ small ” is used 
in th(‘ sense, of ‘‘harelv discernible/’ or as small com- 

•p 

panul with such large s])orts as known to have b(‘en 
the origins of new rac(‘s. An a]>parent ground for the 
common IxTief is founded on the fact that whenever 
search is madi* for inte.rnu»diate forms b(‘twe(ui widely 
divergent varieties, whether they be of jffants or of 
animals, (»f weapons or utensils, of customs, religion or 
language, or of any other priKlin t of evolution, a long 

and ordiulv series <*an usuallv be made out. each menibcT 

• % 

t»f which iliff’ers in an almost impercc])tible degi-ec from 
the adjacent specimens. lUit it docs not at all follow 
because these intermediate forms have becui found to 


('xist, that they are the vi*rv stag(\s that were passed 
through in the course of evolution. Counter evidence 
exists in abundance, not only of the app ‘arance of con- 
siderable sj>ort8, but of their remarkable stability in 
hereditary transmission, ^lany of the s[K»cimens of 
intormotliato forms inav have been unstable varieties. 

• 9 
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\vho.'«e dcsPon<1nnts liad reverted ; they niiglit he looked 
ii[>on as tentative and faltering steps taken along parallel 
eoursesof evolution, and aften-vards retraeed. Afliliation 
from eaeh generation to the next requires to be proved 
before any apparent line of deseent ran be aeeepted 
as tlie true one. The historv of inventions fullv illus- 
trates tliis view. It is a most eommon experienee that 
wliat an invoutor knew to be original, and b(»lieved to 
lie new. hatl b(*eu inv(‘nt(‘d independently by otluTs 
inanv times before, but had never beerime established. 
Kven when it luw new features, the inv(‘ntor usually 
finds, on eoiisulting li^t'^of patt*nts, that otluT invcuitions 
elo'telv border on his own Yet we know that inventors 


often proee(‘d by strides, their ideas originating in some 
sudde?i ha]i]^y t hought suggested by a ehanee oeeurrenee, 
thouirh th<‘ir ennh* ideas inav have to be laboriously 
w<»rked out afterwards. If, how(‘ver, all the varieti(‘s of 
anv maeliine that liad ever b(*en invente<l. were eolleeted 


and arrangeil in a Musrum in tin* apjiarent order of 
their Kvolution, eaeh. would differ so little from itsS 
neighbour as to suggest the fallacious iiiferenee tliat the 
sueet\ssive inVi*ntors of that machine had ]irogressed by 
means of a verv largo number of hardlv discernible 



The object of this and of the preceding ehapter has 
heen first to dwell on the fact of inherihanee being 
“ jiartieiilati*,” secondly to sliow how this fact is com- 
patihle with tlie existence of various ty[ir?s, some of 
which are subordinate to others, and thirdly to ai 

n 
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that Evolution iummI not ju-ocrced hy small steps only. I 
Ijnvj* lai«^M*ly usod metaphor and illustration to explain 
tlie faets, wishin;^ to avoid (‘ntan<.^lenK*nts with theory 
as hir a,H ]>ossil»Jr, inasniiKtli as no (•omj)lete theory of 
inheritance lias yiit lieen propounded that meets with 
;^en(‘ral acceptation. 





S< HKMK^ f»F niSTiaiUnioN AM) oK FUKgrKNt'Y. 


i‘« iin<l to !)<• tivtttiMl a*< I’nitH. — S( )hjiik‘k (»f Distriloi- 

tiun an«l tliiMT <ira<lo.«. — 1 'Ih* Shujio <*f‘ Schrinert iiuieju^ndent of the 
niiiiihrr of ohjiervntion.**.— I)ata for Kij^htiH*n SrhcmcH. -- Application 
of the no tluxi <»f SidoMiicft inexact Measures. S<‘heTm*H of Fre- 


^ 'fums (O ff(‘ 

Tli(* <»f InrcMlitv is it li I'nitmiit i<*s 

ttf 

jiinl J*o]»\il;ttinijs rathi-r than witli iinlivi»luals. aial 

must trrat tla iii as units. A roiiijM-inlious niotlanl is 
tlnu'clon- r»‘nuisitr l»y wlii<*h wo may oxpn ss tin* <lis- 
trihiition of oa<*h faculty amon^ tin* momlxus of any 
largt* groiij), whether it l»e a Fraternity c^r an entin*. 
Population. 

The knowletlge itf an average value is a meagre j>i<'ee 
of infiminition. llow litth^ is eonveved hv the )»aM 
statement that tin* average ineoine of English families is 
100/. a y(‘ar, e(unj)are<l with what we .-^houhl learn if we 
were tohl how English ineomes wen* (li>tril»ute<l ; what 
j)roj»ortion of our eountryinen had just and only just 
enough means to ward off sttuwation, and wliat were the 


•? 
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j)roj>orti(>ns of lluiso, wlio hiul iiicomos in (*.acli and every 
otlior fl(‘gr(M*, up t(» tlio annual receipts of a few 

fijreat sja-culators, niariufaetiirers, and landed j)roprietors. 
So in res])(*(*t to tln^ distribution of any human quality 
or faeull V, a knowledge of more* averages tells Imt little ; 
w<* want to learn how tlie quality is distri])uted among 
the vari(»us nnunlters of the Fraternity or of the Popula- 
tion, and to express wliat we kinnv in so compact a 
form that it can he (‘asily grasped and dealt with. 
A paradt* of gn^at ae.curaev is foolish, l>e(‘aus(.* precision 
is unattainahle in lhh)gi(‘al and soc'ial statistics; their 
restdis lieing never stih'tlv <‘onstant. ( )ver-minuten(*ss 
is niisrdiievous, lM'(‘ause it ov(*rwh(‘lms the mind with 
more <letails than can Ik* (*om]u*ess(*d into a singh^ 
vi(*w. We r(‘(juire no mon* than a fairly just and 
(•(unpreliensivi* niotliod of expri*ssing the way in which 
eacli Tn(*asurahlr (juality is distrihutt*d among the 
memhers of any grouj>, whether th(* gnm]) consists 
()f brothers or of members of any ]»artieular social, 
local, or other body of persons, or whether it is co- 
extensive with an lUitire nation or race. 

A knowledge of the distribution of nnv quality en- 
ables us to ascertain the Kank that (‘adi man holds 
among his fellows, in respec^t tu that ([uality. This is 
a valuable piece of knowledge in this struggling and 
eom]K‘titiv(* world, where suecess i< to the foremost, and 
failui’v* to tin* hindmo*^t. irrespective of absolute effit*ieney. 
A Idurred vision would be above all j»rice to an in- 
dividual man in a nation of blind men, though it would 
hardly enable him to earn his bread elsewhere. When 
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the (listrihution of anv faeiiltv' lias Ikvh a.srortaiiUMl, >\e 

« * 

c*aa tt*Il from tin* int asuivment, say <»f oiir eliilil, how ho 
ranks ainon*:^ uthn* ehihlrni in ivsjKrt to tliat faeulty, 
whftlior it 1)0 a pliysical jrift, or one of hoalth, or of 
intolloct. or of morals. As tlio v«'ars tro hv, we may 

• I. * m » 

learn l»y the same means whether ho is making his way 
towanls the front, wlu lher he just hohls his place, or 
wht*tln*r he is falling hack towards the I’ear. Similarly 
as ri'ganls tin* position of mir t'la'^s, or of our nation, 
anioni; other elasM*s and other nations. 


of DistnljHtunt and their (tnales . — I shall 
host explain my graphical method of e\pn*ssing Dis- 
trihutioii, whi<*h I like the inon*, the more I us(^ it, 
and which 1 have latterly much devt*!opt*d, hy showing 
how to determine the (Jrad<* of an individual ann)ng his 
fellows in re>p*et to aiiv particular fatndty. Suppose 
that we have already put on record the measures of 
many men in n*speet to Strength, exert('d as hy an 
archer in juilling his how, and tested hy one of Salter’s 
wtdl-known diid instruinenls with a movahle, ind(*x. 
Some men will have heen found >trong and others weak ; 
how can we jiicture in a coinjM*ndious diagram, or how 
can we define hy figures, the distrihution of this faculty 
of Strength throughout the grouj» ( How shall we 
detennine and sj)ecify the Grade that any particular 
person would occupy in the group ? The first step is 
to marshal our measures in the orderly wav familiar to 

ft/ » 

statisticians, which is shown in Table I. I usually work 
to about twice its degree of minuteness, hut enough 



NATURAL INHERITANCE. 


[chap. 


h?is Ixicn (jntfa’cd in the Table for the purpose of 
illustration, wliih* its small size makes it all the more 
intelli^il)l(‘. 

Tin* fourth <M)luniJi of the Table headed “ Pereentages 
of ‘•Sums from the Ix^gi lining,'’ is pietorially translated 
into I’ig. 2, and the thinl eolumu h(Muh*d “ Percentages” 
of “No. of e,as«*s oliservod,” into Fig. 3. The scale of 


FIG. 2. 


FIG. 3. 



80 


'to 


^ \ 


20 



4I> 


0 


lbs. is giNtm at llie si<b* of both Figs.: and the com- 
partmonts a to 7, that are shadt‘d with hrokrn lines, 
have the same meaning in both, but thev are diflereiitlv 
dispos(‘d in the two Figs, We will now consider Fig. 2 
only, whi<*h is tin* one that principally <*oncerus us. 
The ]>ereentagt*s in tlu‘ last column of Table I. have 
been marked off on the lnUtom line of Fig. 2, where 
tlu'V are calleil (c(‘nteAimal) Grades. Tlu* number of 
lbs. found in the first column of the Table determines 
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the lit‘ight of lilt* vortiral linos to lu* i*m-toil at tlio 
corivspoinling Grades wlu^ii wo are ongagi'd in con- 
stniotinir the Fiijun‘. 

Lot us lioL^iii with tho third line* in tin* 'fahh* fur 

4 

iliu>tratiun : it tolls us that l\7 jH*r la-ut. of llio grou]> 
liad Stron«rtlis lo.<s than 70 Ihs. Tlu rofnro, when drawinir 
th»‘ ligun*. a ]»or|»oudi<*ular niu>t ho rai>od at tlio. i{7th 
grade to a lioiglit corrosjiondiug to that of 70 ll»s. on 
tlio side soalo. Tlio fourth lino in tin* Talilo (oils us 
that 70 j»or oont. of tho gn»uj» lunl Stn iigths loss than 
HO Ihs. ; (horoforo a j»orpondioidar iiiust hi* raised at the 
70th tirade to a height eorrosj>onding to SO I]>s. \\ i* 

proei-ed in the sauie way with ri*sj»ei'( to the remaining 
ligures, then We join tin* tops of tlnvo perpendieulars 
h\' strai'jht line-. 

As the>r oh-er\'al ioiis of Str‘*ngih ha\e he»'n sorted 
into only 7 groups, tin* traee formed hy tin* lines that 
oonin et the t<»ps of the frW perpend i<*ula Is ditfelS Selisihly 
from a liouiim lurve, hut when woiking with doulile 
minuti-iiess, as mentioned jdM»ve. the ('onneeting lines 
differ little to the eve from the dotted ourvo. The 
dotted curve may then ho aooejUed as that whieh would 
result if a separate p**rpoiidioular had heen drawn for 
every ohservatioii, and if j»ermis>ion had heen given 
t(» slightly smooth their iriegtdarities. 1 call tin* figure 
that is hounded hv such a curve aa this, a Seheme of 
1 hstrihiilion ; the porpendieulurs that formed the, seaf- 
h»lding hv which it was c:onstru«*ted having heen first 
nihlied out. (Seo Fig 4, next Jiage.) 

A Scheme enables us in a nnunent to find the (Jrade 
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of Hank (oil a scale r(*ckoued from O'* to 100**) of any 
person iji the grouj) to which he Ixdongs. The measured 
strength of tin; person is to be looked for in the side 
scale of the Scheme ; a horizontal line is thence drawn 
until it meets the curve; from the point of meeting 
a perpendicular is dro}»})ed upon the scale of Grades 
at tin*, base ; then the Grade on which it falls is 



the oin* n»(juirt‘d. For examj)le : let us suppose the 
Strength of rull of a man to have been 74 lbs., 
and that we wish to detennine his Rank in Stren<»’th 
among the large grou]) of men who were measured 
at the Health Exhibition in 1884. We find by Fig. 
4 that his eeutesiiuul Grade is 50* ; in other words, 
that 50 per cent, of the group will be weaker than 
he is, and 50 jK'r cent, will l>e stronger. Ills 
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position will bo exactly Middlemost, after tlie Streiii>;tbs 

of all the men in the group have been marshalled in 

the order of their magnitudes. In other words, ht^ is 

of mediocre strength. The acce]>ted tt*rm to express 

the value that occiij»i(‘S the Middlemost position is 

“Median,’^ which may be used either as an adjoctivc or 

as a sul>staiitivf, Imt it will be usually rej)la(*ed in this 

book 1)V the abluvviatcd form M. I also use tlu^ wonl 

“ Mid” in a few combinations, such as Mid-Kraternity,'' 

1 1 exj>ress tin? same thing. The Median, M, has three 

pioptTtit‘s. The tirst follows immediately from its ci>n- 

structhm, namely, that tin* chaiiet? is an e<jual om‘, of 

any previously unknown mt‘asure in the grouj> e.\et‘eding 

or falling >\h*y\ of M. Tin ‘ seeond is. that th(^ most 

j>robal>le value of any previou>ly unknown nn^asure in 

the gmup is M. I’liU^ if X be any one of the measures. 

and it be tin- value of tin* unit in whii'h tln^ measun* is 

recorded, su<*h as an inch, tenth of an im*h, &<*., then 

the number of measures that fall betwi‘en (X- J^//) and 

(X -f is greatest when X ~ M. Me<liocrity is always 

the C4)mmouest coiiditi<in, im reasons that will be<*<mie 

apparent later on. Tli * third projs rty is that whenever 

the curve of tin* Scln un* is s\ iiinn trically disposed on 

either side of M, ex4*t*pt that one half iff it is turned 

upwards, and the other half downwards, then M is 

identical with the ordinary Arithmetic Mean or Average. 

This is closelv the condition of all the curva s I have to 

* 

disemss. The reader mav look on the Median and on 
the Mean as being practically the same things, throughout 
this book. 
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It must l>tj understood that M, like the Moan or the 
Averaf^e, is almost always an iiit(U 7 )o]at(Hl value, corre- 
sjK)ndin<x t() no i‘<*al measure.. If the ohsei'vutions were 
infinitelv’ numerous ils jiosition would not difier more 
than infiuilesimallv from that of some one of them; 
(‘Veil in a series of one or two hundred in numher, the 
dilfereueti is insignificant. 

Now let us make our S(di(*m(* answer anotlnu* (j^uestion. 
Suppose we want to know the pi*ret‘ntae‘e of men in the 
^roup of wliieh we havi‘ hetni sjH‘akinfX, whose. Strength 
lies between any two speeitied limits, as between 74 ll)s. 
and 04 Ib.s. We draw horizontal lin(‘s (Fig. 4) from 
jioints on tin* sidi* scab* (*(»ri'esponding to (‘itlnn* limit, 
and drop perpendi<ailars up<ui tlie l>ase, from tiu^ j>oints 
where those lilies meet the eurve. Then the nuilllier of 
(Irailes in the intere(*pt is the aiisw’er. Tln^ Fig. show’s 
tliat the nunib(‘r in tin* jueseiit ease is V>0 ; th(‘refore 
;5() per eent. of the grou]» have Strengths of Full lunging 
belwi'en 74 and r»4 ll»s. 

W(‘ learn liow to tran>niute female measures of any 
eluiraetiuist i»* intti male <mes, l>y eom]»aring tlnar respec- 
1iv<^ sehi’nies, ami devising a formula that will ehanm*. 
the (»ne into the tither. In the east- of Stature, the 
simph* multiple t>f I'OS was found to tlo this with 
suHit ieiit pn^nsion. 

If we wish to eoinpare tin* average Strengths of two 
dith'ivnt groups of persons, .say one <*onsisting of men 
and tin* other of Winin*n, we have siiuj>ly to eonijiare 
tin* valut‘s at the 50th Gratles in the two sehernes For 
ev<*n if the Medians differ eoiisiderablv from the Means, 
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both tlic ratios and the diffeiviicos botwoen fitlior jiair of 
values would l»c sensibly the same. 

A diffcTont way of (*oin|>ariii^ two Sclicmcs is soino- 
tiraes useful. It is to draw them in ojiposed dinvtions, 
as in Fig. 5, ]>. 40. Tljeir eurvi's will th(*n eut ea<‘li 
otluT at some ]>oint, whi»s(‘ (!rade when r(‘ferr<‘d 1o 
either of the two Sehomos (wliieh(‘Ver of tliein may he 
jirefeiTod), determines the jioint at which tin*- same 
values are to he fouinl. In Fig. 5. tin; (irath* in the 


one Seheme is 20"*; therefore 


in the otht*r Scheme it is 


100— 20, or 80. In n*speet to the Stn‘ngth of Pull 
of men and women, it a|»]H*ars that tin* woman who 


occupies llu* (iraile of in her S«'h«*me, has the same 


strength as tin* man who <M‘rupies tlie (trade of 4 in his 


S<‘hi‘nu*. 


I should adtl that this gresat iiietjualits' in Sirenglh 
hotwoeii llii* SfXt's, is <Minfirimd hv other measun*- 
m»*nts math* at the* .value lime in to the 

Strength tif their S«jut*ezt*, a.s ttviiil hy aimtlmr t»f 
Salter’s instruments. 'J'lien tin* woman in the 0:0*tl ami 
tin* man in the 7th (irade r)f th<‘ir reseetivt* Seheim 


proved to ht* t»f etpial strength. In my pajier^ <»n the 
r(‘sults c4»tained at tli" lahoratorv, I remarked : “ \’erv 
powerful Women exist, hut haj>pily ]>erhaj»s for the 
rt*j>o.se of the other sex sueh gifted women are rare. 
(,)ut (tf l,Gf)7 a<lult women <»f all ages measured at tin* 
lahoratorv, the stronge.st could only exert a s<jueeze of 
80 Iks., or about that of a m«‘dium man,’’ 


* Jmtm. AuthrofKil. ImL ISS.'i. Afem. : There is a t»lui»fler in tlie para- 
graph, p. 23, headed ** Heiglit Sitting and Standing.” The jMir;»gruph 
be fltnick ont. 
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TJiC Shape of Schemes is Independent of the Number 
of Ohserrations, — Wh(*n S(!liciiios are (li’awii from dif- 
fcnnit Hainj)les of the same large groii]> of measurements, 
though tlie nuiiilx*!* ill the seviTal samples may differ 
great 1\^, we e.aii always so adjust the liorizontal scales 
that th(^ breadth of tin; S(»A'eral Sell ernes shall b(‘- uniform. 
Then tin* shajies of the, Sclnunes drawn from dilferent 
sanij)les will In* little aHe<‘t(nl by the number of observa- 
tions used in each, sujiposing of course that the numbers 
are never too small for ordinary statistical jmrposes. 
The only re<*(»gnisabh* dillereiiees ln?twi‘en the Schemes 
will In*, that, if tin* number of obs(*rvations in the 
sample is very large, the uj)jn‘r margin of the Scheme 
will fall into a more regular curve, (*sjn*cijilly towards 
either of its limits. Some irregularitv will be found in 
the alnive (‘urve of the Strength of Pull; but if the 
(►bservations had been ten times more numerous, it is 
]»robabh*, judging from much ex}M'ri(*nce of such curves, 
that the irrt‘gidarity would have l>een less consjucuoiis, 
and perhaps wouhl have disaj»peared altog(*ther. 

littwever numenuis the observations mav In*, the 
curve will always In* uncertain ainl incomplete at its 
(‘Xtivme ends, because tin* next value may hapj»en to be 
grealt*r or less than any one of those that preceded it. 
Again, the positivui of the first and the last observation, 
su]>posing each observation to havi* lieen laid down sepa- 
rately, can nevt‘r coincide with the adjacent limit. The 
nn>re numerous the ob.servations, ainl therefore the closer 
the perpt*ndiculars by which tln*y are represented, the 
nearer will the two extreme perpeinH<*ulars approach the 
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limits, but they will never actually toueli them. A chess 
board has eight 8(|uares in a row, and tdglit pieces may be 
arranged in order on any one row, (^ach pi(*ce occupying 
the centre of a s^juare. Let tlu* divisions in tlie row ])0 
graduated, calling the boundary to tlu* extr(*me left, 
0^ Then the su<*cessive divisions b(‘tween tlu* squares 
will be r', uj) to 7 \ an<l the l>ouiulary to the 

extreme right' will bt* 8 . It is ch*ar that the ]>osition of 
the first })U‘ce li(‘s half-way lK‘tW(M‘n the gradi‘s (in a 
scale of eiglit grades) of 0^ and T; tlH‘refor(‘ the grade 
(M‘cu]»ied l>y the first ]»iece would be connt(*d on that 
scale as O'o*'; also the grade ol the last ]»iece as 7*0. 
Or again, if \v<‘ had 800 ]>it‘ces, aixl tlie sanx* nunil>er 
of <lass>[)laces. the grade of tlx* first piece, in a scale 
of 800 grad» >. would t‘X<*eed the grad<* 0 , by an amount 
equal to the width of <»ne half-j>laee on that scab*, 
while tlx* last of them would fall short of tlx* 800th 
grade bv an equal anxmiit. This half-]>lae(* has to Ik*. 
attended to aixl allowe<l for when schemes are ron- 
structt'il from eomj)aratively fi‘w oI>servations, and 
always when values that are vf‘rv near to «*ither of tlx* 
centesimal i»ra<les 0" or lOO’ are under (diservation ; 
but b(*tween the eente-inial grades of o and On the 
iiitlueiu*e of a half class-placf* upon the value of tlx* 
c(»rrespoixling ob>ervation is insignifi<*aiit, and may lx* 
disreijarded. It will not henceforth be necessary to 
repffat the wonl centesimal. It will lx* always implied 
when nothing is said to the contrary, and nothing 
henceforth will be said to the contrary. The word will 
be used for the last time in tlx* next }»ara graph. 
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Data for Evjhteen Schemes. — Sufficient data for re- 
coiiKtructinf^ any Scljenu^ vvitli much correctness, may 
he ])rint(Ml ill a single liia^ of a Tahle, and according to 
a uniform |)lan that is suitahltj for any kind of values. 
The measures to l)i‘ rr'corded are tliose at a few definite 
(Jrades, lK*ginuing say at 5^ (‘laling at 95°, and including 
ev(‘.ry intenmidiate t(‘Ulh (Irade, from 10° to 90°. It is 
convcuiie.nt to add those at the Grades 25° and 75°, if 
s|)ae(‘ j)ermits. The former values are given for eigliteen 
difierent Seli(‘in(‘s, in Talde 2. In the memoir from 
\vlii<*h that tal»le is re])riiited, tlie valu(‘s at what 1 now 
call (e(‘iit<‘sima]) (Jrades, were lormed l\‘re(‘ntiles. Thus 
the values at tlie Gravies !)'' ami 10° would Ik* res]K‘(*tively 
the 5tli ami the. JOth |K*reentile. It still se(*ms to me 
that tlu^ w<»rd ]ier<*entile. is a usi*ful and expressive 
ahhreviation, Imt it will not he m‘eessary to employ it 
in the ]iresent hook. It is of course unadvisahle to use 
more technical wonls tlian is ahsolutelv necessary, and 
it will 1 m' possible to get on without it, ]»y the help of 
tin* lU’W ami more im]»ortant won! ‘‘(ira<lc.’* 

A series <»f Schemes that (*x|»ress the distribution of 
various faculties, is valuable in an anthropometric hdxira- 
tory, for thi'V t‘nable every person who is measured to 
find his Rank or Grade in each of them. 

Diagrams may also be constructed l>y drawing parallel 
lines, each divided into 100 Grades, and entering each 
round number (»f inches, lbs., &c., at their ]>ro]»er places. 
A diagram of tliis kind is very convtuiieut for reference, 
but it doe.s not admit of being print(*d : it must be 
dniwn or lithogrn}died. I have construt‘ted one of these 
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from tLc 18 Sclicmes, and find it is easily understood 
and much used at my laboratory. 


Application of Schemes to Inexact Measures, — Schemes 
of Distribution ma}" bo constructed from observations 
that arc barely exact enoimh to desei^ve to be called 
measures. 

I will illustrate the method of doing so l>y marslialling 
the data contained in a singularly interesting little 
ni(*moir ^\Titten by Sir Jann‘s Paget, into the fonn of 
sucli a S(*lieine. The memoir is publisIuMl in vol. v. of St. 
Bartholom(‘\v’s Ilosjutal U(‘porls, aiul is entitl(*d “ What 
Becom<^s of MeMiral Stiid(*nts.” II(» trariMl with great 
painstaking tin* (‘areer of no less than 1,000 ]ui))ils who 
had attended his (‘lasses at that Hospital during varicuis 
p(‘riods and up to a date 15 y(*ars ]u*(‘vious to that at 
wliieh liis memoir was written. He thus did for St. 
Bartliolonu'w’s Hospital what lats never yvi l>(*en dom*, 
so far as 1 am aware, for any University or Pul>li (3 
School, wlios(‘ historians e(»unt th(* sue(;ess(‘s and are. 
sihuit as to tin* failur*.^, giving to iiKjuircTs no ade(juat(‘ 
data for ascertaining tin* real value of those institutions 
in English Education. Sir d. Paget divides tlu^ success(‘H 
of liis juipils in their profession into five grades, all of 
which he carefully defines; they ari^ distirajuished ; 
con side rahle ; moderate; very limited success; and 
failures. Several r)f the students had l(*ft the. prof(*s- 
sion either liefont or after taking their d(*greCK, usually 
owing to their unfitness to su(;c<*ed, so after analysing 
the account^i of them givem in the memoir, I drafted 
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Hevoral into tlut list of failures and distributed the rest, 
with tlio result tliat the iiimiber of ens(\s in the successive 
elasses, amountiiifj^ now to the full total of 1 ,000, became 
28, 80, 010, 151, and 125. This differs, I should say, 
a little from tli(‘ inferenees of the. author, but the matter 
is here of small imjiortance, so I need not go further into 
<letails. 


If a Seliem<‘ is drawn from tlH*s(* figures, in the way 
deseribe(l in ])age .‘10, it will l)e found to have the 
eharaeteristie, s1ui|h‘ of our familiar curve of Distribution. 
If we \vishe<l to eonvev llu‘ utmost information that this 

4 

Srheme is eapa1»le of giving, we might rt‘(*ord in inucdi 
detail the ear(‘er (if two or t!ir(M‘ of tin* mem who are 
elustere(l al»(iut each of a f(*w sel(*et(*d (trades, such as 
those that are us(‘d in Tabli* II., or f(‘W(‘r of tlnun. I 
adoj»te(l thismetliod wlnui estimating the variability of 
th(‘ Visualising Power {! mjiilrivti into ILnnan Fitculty). 
Mv data W(*re V(*rv lax, but this method of treatment 

4- « 

got all the good out of them that tliey }»ossessed. In 
the present eas<*, it ap]M‘ars that towards the foremost 
(»f tin* sinvessful men within fifr(M*n years of takinir 
tln*ir degrees, stood the thn*e Profi'ssors of Anatomy 
•at Oxford, Cambridge, and Edinburgh; that towards 
the bottom «»f tin* failurt's, lav two nteii wlio eomniitted 

4 

suicide und(*r eireumstane(‘s of great disgrace, and lowest 
of all Palnn*!’, the 15ug('h*v murden*!’, who was hanged. 

\V(* are able to eompare any two such Seliemes as the 
above, with numeri(*al precision. Tin* want of (*xaetness 
in the data from wliieh thev are dniwn, will of course 
cling to the result, but no new error will be inlmdueed 
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by the ])root\ss of i*i)iw]>arisoii. Su]»posi* tho s(‘con(l 
Scheme to refer to the sueeesses of students from aiuUher 
hosj)ital, \vt‘ should draw the two Sehemes in oj»}>ostHl 
direetious, just as was dime in the Strength of Tull of 
Males and Keluah's, Fi^. 5, and iletenuiiit* tlu‘ (Jrade 
in eitlier of llir Selu*ni(‘s at whieh success was equal. 


rs Freijuency . — The nn‘tlK>d of arran^in^ 

ol»servati<»ns in an orderly manner that is oenerallv 

» rr' ^ 

enn»lnyed by statisiieians, is shown in Fi^. d. pa^** dS, 
wiiich expresses the sanu^ faets as Vi^r, 2 under a dilferent 
asjieet, and so ^iv<‘s risi* to tin* well-known Curve of 
“ Fre(|ueney of Error,” tlnui^h in Fio. d llie eurve is 
turned at ri^ht angles to the jxisition in which it. is 
usually drawn. It i.s m» ]»lae»Ml in order to show more 

elearlv its relati<ui to the Curve of I hstribiition. The 

% 

Curve of Fre(pieii(‘y is far h*ss convenient than that of 
1 hstribut ion, for the purp»»>es just des^uibed and for 
in<»st ui tho.x* to be her«'aftrr spok‘'n of. l>ut the (hirve. 
of Fn-qiieiiey has othor u>es, of whieh advantaj^e will 
be taken later on, and to whieh it is unneia'ssary now 
to reh r. 

A Scheme as explain* ’! thus far, is nothing more than 
a comptuidium of a mass of observations wlji<-li, on lieing 
marshalh‘d in an orderly manner, fall into a diagram 
whose contour is so regular, sirnpli*, and bold, as to 
atlmit of being <le.serib4Ml by a few numerals (Table 2), 
from whi<*h it can at anv time be ilrawn afresh. Tin*, 
regular distribution i»f tin* several faculties among a 
large jiopulation is little disturbed by the fact that its 

E 
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mfrnlKTs arc vancti(‘H nf diffiireiit ty|)<^s and suli-types. 
So tlic (list ri!»iitioii of a lir*avy rua.ss of foliag(3 gives little 
indicati<»ii of its growth from separate twigs, of separate 
liraiiclic.s, of separate tr<*es. 

The application of theory to Scliemes, their approxi- 
mate d(!scripti(»n hy (mly two values, and tlic jiropertics 
of t licit* hounding Curves, will lie deserihed in the next 
chapter. 



CllAlTKK V. 


NolIMAI, VAIUABII-ITV. 


8 (tf lK*viuti<*ii'. Normal Curwo! - C(>iu]turihon i»f 

tlie (»l>.«ervetl uitli iIm- N«»riiia] (.’uivt*. "riit* vnlm* of a m'ijoIo Devia- 
tion at a knoNMiliiuile a N(«niiul S« lirine of Deviatiofi^. 

Two Mea^nre^ at tw«* known (irude.s deti rmine a Normal Scheme 
of ^lea^un*^. 'l iie < 'harms of Mtahanieal illustralion of 

Ihet'iUNeof tlo'CnrNe of Pretjneiiev. Order in iij>|»ar«nl (.'lulo^, 
P^ollleln.■^ in the Law of Krrv*r. 


rufttniis. — \\ r lluW M on lioW 

it is tn ri*]»roscnt tltr nl ;iijv ijujility ;iii)n 

imiltiunb' <»f men, l»y a simple nr 1»\ a 

coiitaiiiiiin a frw livrur«*'.. In this I'liaptrr it will In* slmw n 
that a ro!i<i«l« rahly Inioh r <h*>< riptinii i< aj»pn».\iinalol\ 


Kvcry iu»*asun* in a S. ln ni»' is ^•(plal to ii> , 

<»r Median valin*, or lA, j^hts or 'tuimfs a ocrtaiii Ih*via* 
tion from M. The jL vjatiim, or “ Error “ as it is 
tcfhni<*ally <*all<*d, is ff»r all ^rrach**^ ahovi* oO , z<‘ro 
for 50*, ami luiiivs for all oradrs In-Iow 50 . I'hii.s if 
( — D) Ih‘ tin* dt'viatioii from M in any partinilar r*aso, 
evniy im*a>uiv in a S< ln*mc may In* nxpp-sx'd in 
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form of M + (±I)). If M = 0, or if it is subtracted 
from (tv'cry iiHrasims tb(j residues wliieli are the different 
values of {±1>) will form a Scheme by themselves. 
Sclicnu^s nuiy therefore l)e made of Deviations as well as 
of Measures, au<l oii(‘ of tlie former is seen in the 
ui)))er j>jirt of Fig. 6, j)age 40. It is merely the upper 
portion of the corresj)oiidiiig ScJieme of Measures, in 
which the axis of the curve plays the part of tlie base. 

A strong family likeness runs between the 18 diflerent 
Schemes of l)eviati(»ns that may ln‘ respectively derive<l 
from the data in the 18 lines of Table* 2. If tin* slo})e 
of the curve in (»ne S(*h(*mc is stee]K*r than that (»f 
anolinu*, \\v n(‘ed only to fore^shorten tin* steej)er 
Scheme, by inclining it away from tln^ liin* of sight, in 
order to rcfluce its a])parent stee]>m‘ss ami to make it 
look almost identical with tin* otln*r. Or, better still, 
w<* maysi'lect appropriate vertical seah*s that will (*iuible 
all the St'hemes in be drawn afresh with a uniform slo}>e, 
and b(‘ matle strictly comparable. 

Supi lose that wc have onlv two Sehcnn*s, a. and B., 
that we wish to coinjiare. L(*t L.,, la* th»‘ lengths of 
the perp(*ndiculars at two spe<*ified grades in Scheme A., 
and K.i K.o the h*ngtlis of those at the same grades in 
Sehenn* n. : tlieti if (*verv one of the data fn»m which 

Scln'im* B. >\as drawn 1 m* multipli«‘«l by It ’ \y\ a 

K .. ] — ]\..2 

scrit's of transinuteil data will be obtained f<ir ilrawimr 
a nt*w Scheme i\',, on su<*li a vertical scale that its 
general slope between the selected grades shall be the 
same as in Seheme A. For praeti<*al eonvenienee the 
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.selected Grades will be alwav.s those of 2b and 75^ 

% 

They stand at the first and third tjuartt^rly divisions of 
the base, and are therefon* easilv found b\' a lam* of 

%• X 

<*oni})asses. They are also well plaet'd to allbrd a fair 
criterion (»f the jreiieral slope of th(* (’iirve. Jf we <*all 
the. perp(‘ndi(*iilar at :]!5', Q.j ; and tliat at 7a , G.o, 
then the unit bv whi(*h everv Selienu* will Ik* delin(‘d 
is its value of ~ " ealhsl its 

Q. As the M measures the Averajjft* Height of the 
curved boundary of a Scheme, so the Q nH‘asurcs its 
L^ciicral slope. \Vh(*n W(* wish to transform many differ- 
(‘lit Schemes, numliered I., 11. » 111., &c., whose respeetive* 
values of Q an* r/i, (j.,, <j,, &e., to otheis wliose values of Q 
are in each ease e(jual to then all the data from whiidi 

Scheme 1. was diawii, must be miiltipli(‘d bv ; tho.se 

^ 7i 

from which Srljeme 11. was drawn» l»y and so on, and 

n(‘W SeheiiH s have to be eonstriieted from thesis trans- 
niuttal values. 

Our Q» las tlie further m(‘rit <»f bein^ juaetieally tlie 
same as the Aalue Avhieh matlieinatieians call the 
“Probable Error/’ of which W(* shall s]K*ak furtlnu- on. 

Want of space in Tal>le 2 ]>revent(*d the ins(*rtion of 
the measures at the Grades 25 and 75 , but thos(* at 
20** and 30' are given on the one hand, and those at 70® 
and 80® on the other, who.se resja ctive averages differ 
but little from the value.s at 25" and 75\ 1 therefon^ 

will use those four measur(*s t(» ol^tain a valin.* fijr our 
unit, which we will call Q', to distingiii.'^h it from Q. 
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nsc. an* not in valuo, la'causc the outline of 

tin* Srlicnn* is a ciirvnl aiirl not a straight line, hut the 
(liHcroncf* hctwccn tlioin is small, and is approximately 
tin* .^ainr in all Selicincs. It will shortly he seen that 
Q'-r I -Ola X Q approximately ; thonjforo a series of De- 
viations in(‘asni*ed in l(*rms of th(^ large unit Q' are 

nnnnaieallv smaller than if they liad heen measured in 
• •* 

t(*rmM of small unit (for tln^ same reason that the 
niim(‘rals in l!, o, &e., /rW ar(‘ small(*r than those in the 
i'orresponding values of 24, inches), and they 

must lie multiplied hy 1.015 wluui it is desired to 
<*hango them into a series having tin* smaller valu(‘ ofQ 
for their unit. 


All the IS Sehenu‘s of deviation that ean he* dt*riv(*d 
from 'faille 2 have heen tr(‘at(‘d on thes(‘ prineipli*s, and 
the re^iiilts are given in 4'ahle l.\, 44»eir geniTal a(*eor»l- 
anee with one another, and still more with the mean of 
all of them, is ohvinus. 


i'urrc iff iJtst nhtff ion. — The valn(*s in the 
laittom line et 'fahle »’), whieh is heailed ‘‘Normal A allies 
when Q ~ I,' and \Nhieh eorrespond with minute ]»n*- 
ei>ion tothosi* in the line immiMliatelv ahuve them, are 
not ilerivcsl from observations at all, hut fnnn th(‘ wtdl- 
known 'failles of tin* “ f^rohahilitv Integral * in a wav 
that mathmnatieians will easily understand hyeomparing 
tlu' Tahh\s 4 to S ineln-^ive. 1 need hardlv riunind the 
rt'ader that tin' I .aw of Error upon which these Nonnal 
A allies ar«' hase<l, was exeogitati‘d for the use of astro- 
innners and otlnu's who are t*on(*i*rned with extn'mc 
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acciiracv of ini'a.siiivnu>nt. and without the slightest idea 
until tlu‘ tiiiK' of Quctclft that tluT might he a}>]»lieahle 
to human measures. But Errors, Diflerenees, Deviations, 
Diverg(*neies, Disju‘isions, ami imlivulual A'ariations, all 
spring from the same kiml of caust‘s. ()l»je(*ts that l)(‘ar 
tlio same name, or ran ht* deserihed l»y the saim* phrase, 
art' thereby aekmnvltalgod to havt* eomimm ]»oints of 
rt'semhlanee, and to rank as iiiemhtTs of tlie same sjaries, 
class, or whatever t'lst* we may j>K'ase to call the grtuip. 
On the otlit*r hand, every ohjta-t has 1 )iirert*nees petmliar 
to itself, hv which it is distiimnisheil from others. 

This general statement is ap|>lieahli‘ to thousands of 
instance's. The Law of Error finds a footing wh(‘revt‘r 
the imlividual ]»e<*uliarifies an* wlH>lly due to the eom- 
hilied inlllleliee of a multitude of “ aethleut s,^’ ill th(i 
seii'^e in which that wonl has alrea<lv been dt‘fim*cl. 
All |>e]*snns conversant with stiitistics arc aware that 
this sujipositioii brings Varialnlity within tin* grasp 
of the laws of (hance, with tln^ result that the 
relative fre(juency of Deviations of ditlercnt amounts 
admits of being calculated, when those, amounts an* 
ineasunMl in terms of anv self-contained unit of varia- 
l»ility, such as our Q. The Tables 4 t^) 8 givt*. the 
results of these juirely mathematical calculations, and 
the Curves based u]M)n them may with propriety be 
distinguished as “ Normal.’' Tables 7 and 8 are based 
uyion the familiar Table of the Brobability Integral, 
givi'ii in Table a. rid that in Table fi, in wliich the unit 
of variabilitv is tak« n to be the “ J’robable Error ” or 
our Q, and not the “ Jlodulus.” 7'hen I turn Table G 
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inside nut, as it wore, deriving the “ arguments ” for 
Tiihhjs 7 aii<l 8 fnuii tlic entries iu the body of Table 6, 
and inakin" other easilv in1.**]li}fil)lc alterations. 


Comjxn'ison of tlui Observed ivith the Normal Curve. 
— J cdiifcss to having bo<‘n iimazod at the extraordinary 
coinrideniM* hf‘t\veeii th(^ two hottoin liney of Table 3, 
<*oiiside.ring the great variotj’ of hienlties contained in 
the IS Sehein(‘s : namely, thriM* kinds of linear measure- 
me.nt, li(‘sides one of weight, om* of capacity, two of 
strength, one of visi<»n, and one of swiftness. It is 
f»l»vioiis that weight cannot rcallv varv at the same rate 
as height, even allowing for the faet that tall men are 

o’ o 

often lanky, l»ut the th(*c»n*tical imjMKssihility is of the 
h'ss praeti<‘al imp<»rtancc, as the variations in weight are 
small com]>ared to the weight itself. Thus we see from 
the value of Q in tin* first column of Table 3, that half 
of the persons ih'viated fnun tlieir M bv no more than 
10 or 11 lbs., which is about ont‘-twelfth juirt of the 
value (»f M. Although the several series in Table 3 run 
fairly well together, I should not have dared to ho]>e 
that tlieir irregularities would have balanc(‘d «>ne another 
so beautifully as tlmy have d<me. It has lieen ol»j(*eted 
to some of my former work, esj>ecially in Hereditary 
tienius, that 1 jiushed the apjilications of the Law <»f 
Frei|inmcv of Error somewhat too far. I may have dont^ 
so, rather by incautious jdirases tlian in realitv; but 
I am sure that, with the evidence now before us, the 
ai)plicability of that law is more than justifit‘d within 
the rciusoiiable limits asked for in the present book, I 
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am satisfied to claim that the Normal Curve is a fair 
average representation of the Observed Curves during 
nine-tenths of theii* course ; that is, for so much of 
them as lies between the grades of 5° and 95^ In 
particular, the agn^ement of the l^irve of Stature with 
the Normal Curve is verv fair, and forms a maiiistav of 

4/ •/ 

my iiKjuiiy into the laws of Natural Inheiitance. 

It has already l)e(Ui said that mathematieiaiis laboured 
at the law of Error for one s(*t of j)urpos(*s, and we 
ar<‘ ent(‘ring into the fruits of their labours for another. 
II(‘nc«‘ lh(Te is no ground for surprise that their Nomen- 
(‘latun* is often cum1)rous and out of place, when applied 
to |)robh*ms in InTcdity. This is especially the cas(^ 
with rt‘gard to tlh‘ir t<'rm <»f Probalh* Error,^’ ly which 
they mean the value that <»ne half of tlie Errors exce.(*d 

4 

ami tin* (»tln‘r lialf fall short of. I’liis is ]>ractically the 
same as our Q.* It is strictly the same whenev(*r the 
two halves of the Scheme of Deviations to which it 
applies are syinmetrieally dispo.sed about tln‘ir common 


The* term Pj-obable Error, in its j)lain English inter- 
]u*etation of the 7nost Probable Error, is quite mis- 
leading, for it is ?7oi that. Tlici most Probable Error 
(as Dr. V(‘nn has jiointed out, in his L(tgic of Clutnce) 

' Tlie little? Table may be of service 

Values of the (liferent Constants when the Proh. Krror is taken as unity ^ and 

their ror 


Prob. Error 1 *000 

Mixlului! 2‘0a7 

Mean Em»r lit*.? 

Error of Mean Square.*’ 1 iSS 


frure.‘-jM»n«rm;: (iradefi S.V 'O, 75 *0 
„ „ 92 -1 

„ .,21 2. 7H"-8 

„ „ 16 ' 0 , 84 ' *0 
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\H yj'Yo, This r(*siiltH from wJiat was said a few pages 
hack alM>iil the most prohal)l(i measure in a Scheme 
lieing its M. In a Sclicino of Errors the Nl is equal to 
0, tli(j*cfor(^ tlie m(»st Prol»ahlc Error in such a Scheme 
is 0 also. It is astonislnng that mathematicians, who 
are tin; most pn^c^ise and p(‘rs})icacious of men, have not 
long sinc(‘ revolted against this cumbrous, slip-shod, 
and misleading ]»hrase. They really mean wdiat I 
should (rail lh(* Mid-Error, hut tljeir phrase* is too firmly 
estahlished fur me 1<» u]nvH»t it. 1 shall how(*V(*r always 
writ(‘ the wonl I*ri»I>al)hr when used in this si‘ns(‘, in the 
form of “ iVoli. ; thus iVoh. Error,’’ as a continual 
]>rotcsl against its illegitimate use, and as some slight 
safeguard against its misint(‘r]>reta1ion. Mov(M)ver the, 
t(‘rm Prol»al»le Jhror is alisiird wln^n a]>j>]ied to the 
sulijrets new ill hand, sii<*h as Statun*, Eye-colour, 
Artistic Ea<*ultv, <»r disease. I shall therefun* usually 

• V 

sjM‘ak (if Ih-oh. Deviatinii. 

’I’hongh tin* valiU' ef mir Q is the same as that (*f 
the I*r<»h. llcvijitioii, Q is not a eonv(‘rtil>le t<*nn with 
Proh. l>eviation. We >hall <»rien h ave to s]u*ak of tln^ 
(UK* without immediate n ferenee to tlu* other, just as 
W(* speak of the diam(‘t(‘r of the circle without refiu’ence 
to any of its ])roperti(*s, such as. if lines an* diawn from 
its ends to any j><»int in the eircumfeiin(*e, lh«‘y will 
im*et at a right aiigh*. The Q of a Seheuie is as de- 
finite a phrasi* as the Diatm'ter of a (’irch*, hut wt* 
cannot n*place Q in that phrase hy the words IVoh, 
Oeviation, and speak (»f the Prol», l)t‘viation of a 
Seheine, witlnuit doing some violeiict* to language. We 
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should have to express oiu*selves from another point of 
view, and at much givater length, and say “the Pj’oI). 
Deviation of any, as yet unknown measure in the Scheme, 
from the Mean of all the measures from which the 
Scheme was constiaieted.” 

Thi^ primary id(*a of Q has no reference to the existence 
of a Mean value from which Deviations take place. It 
is half the difterence between the measures found at the 
25th and 75th Centesimal Grades. In this definition 


tliere is not the slightest allusion, direct or indin^ct, to 
the measure at the 50th Grade, wliieli is thii value of M. 
It is ]>erf(‘ctly true tliat tlie measure at Grade 25** is 
M — Q, and tliat i\t Grade 75** is M 4- Q, but all this is 
superiin]»oscd upon the primary eon(*(‘j»tion. Q stands 
(‘ssenlially (Ui its own basis, and has nothing to do with 
M. It will often happ(ui that we shall have to deal 
with Pro!) : Deviations, but that is no reason wliy we 
should not use Q >\heiiever it suits our j)urposr*s Ix'tter, 
especially as statistical statements tc'Jid to be so cum- 
brous that every abbreviation is wel<*onn*. 


The stage to which we have now arrived is this. It 
has been shown that th(‘ distribution of vcuy diflerent 
human (pialities and faculties is aj»j»roxirnately Noniial, 
and it is infeiTcHl that with reasonalde j»reeautions wo. 
may treat them as if they were wholly so, in or<h*r to 
obtain approximate n*sults. AVe shall thus deal with an 
entire Scheme of Deviations in terms of its Q, and with 
an entire Scheme of Measures in terms of its M and Q, 
just as we deal with an eiitire Cindc in tenns of its 
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radiuH, or witli an entire Ellipse in terms of its major 
and minor ax(^s. W(‘. can also apply the various beau- 
tiful j>rf»jM‘rti(js of tlic Law of Frc(juency of Error to 
the o1)servc(l values of Q. In doing so, we act like 
woodsmen who roughly Cfihailate the cubic contents of 
the trunk of a tree, by measuring its length, and its girth 
at either end, and submitting theii* measures to formulm 
that have lu‘en deduced from the prf>perties of ideally 
pi‘rfeet straight lines and (drcles. Their results prove 
s(*rvi(;eal»le, although the trunk is only nidely straight 
and circular. I trust that mv results will be vet closer 

« ft/' 

ap|iroximati<ms to the truth than those usually arrived 
at by the woodsnnui. 


^ ruhfe (if a slnfe Deviation at a knoiv7i 

nines (( Nonmd S('henic of Deviations , — When 

N<»nnal (’urves of Distribution arc drawn within the 

same limits, they diiler from each otht‘r only in their 

general slojx* ; and the sh»pe is determined if the value 

of tin* Di‘vialion is given at any one specifii‘d (Jrade. 

It must he borne in mind that the width of tin* limits 

betweem which the Scheme is drawn, has no influence on 

the values of the Deviations at tin* various (trades, 

because the latter an^ prop<»rtiouale parts <»f the base. 

As the limits vary in width, so do the intervals between 

% 

tlu' (trades. When nnstsuring tin' Deviation at a speci- 
fied (Iratle for tin* purpose of determining tin* whole 
('urve, it is of course convenient to adhere to the same 
(Jrade in all casi's. It will be recollected that when 
dt'aling with the observed (*iirves a few pages back, I 
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used not one Grade but two Grades for the purpose, 
namely 25° and 75° ; but in the Normal Curve, the 
2 >lus and ininiis Deviations are equal in amount at all 
pairs of symmetrical distances on either side of grade 
50° ; therefore the De\dation at either of tlie Grade's 25° 
or 75° is equal to Q, and suffices to diffine the entii*e 
Curve. 


The reason why a certain value Q' was stated a few 
pages back to 1)0 equal to 1*015 Q, is tliat tlie Normal 
Deviations at 20° and at 30°, (wliose average we call(*d 
Q') are found in Table 8, to be 1*25 and 0*78; and 
siniilarlv those at 70° and 00°. The averaije of 1*25 
and 0*78 is 1*015, whereas tlie D(‘viation at 25° or at 
75° is 1*000. 

7Vv> ifeastnrs at known (irades determine a Normal 
Scheme of Measures , — If we know the value of M as 
well as that <»f Q we know the (uitire Sclntnie. M ex- 
jiFesses the ni<*an valin* of all the <»bjects contained in 
tlie gi’ouji, and Q dc'finos their variability. But if we 
know the Pleasures at any two specifu'd Grades, we can 
deduce M and Q from them, and so d(*termine the, (*ntire 
Scheme. The mi'thod of doing this is exi>h»ined in tlie 
foot-note.^ 


* The following in a fuller description of the propositions in this and 
in the j>rt*coding jwrngrajdi : — 

(1) In any N<jrmal Sthenic, and therefore approximately in an ohserved 
one, if the value of the Oeviution is given at any one spetifiod Orade the 
whole Curve i» determined. Let D be the given Deviation, and t! the 
tabular Deviation at the hainc Onide, os found in Table S ; then multiply 

every entry in Table 8 by . As the tabular value of Q is 1, it will become 

changed into « 
a 
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The Charms of Statistics , — It is ditHeult to uiider- 
Htainl wliy statisticians commonly limit tlicir inquiries 
to Averages, and do not rtjvcl in more comjuvliensive 
vi(;ws. Their souls s(*(‘m as dull to the charm of variety 
as that of the native of one of our flat English counties, 
whose j*etros])ect of Switzerland was that, if its moun- 
tains could 1 k^ thrown into its lakes, two nuisances 
wouhl he got rhl of at oikm*. An Aviuuge is but a 
solitary fact, when‘as if a singl(‘ otlnu* fact he added to 
it, an entire Normal Scheme, which n(‘ar]y corresjionds 
to tlni <»hser\aMl one, starts j»ot<*ntially into existence. 

Solium peo]>le hate- the very nam(‘ of statistics, hut I 
find tliein full of beauty and interest. AVlnun^ver they 
are not brutalised, hut d(‘Iicat<‘ly liandletl by th(* higher 
methods, and are warily interju*(‘ted, their power of 
th'aling with (*oTn]>li<*attHl plnuiomena is (‘xtraordinary. 
They are tin* only to(»ls by which an ojiening can be cut 


(2) If tho Metisuros ut any Hperifioil (IratleA nre tjiveu, Ihe vlmlc 
Si'In’ine iif Mi’iisurcs ik tlirroby Let J, // be the two f^iven 

Wensuri'H of whicii A is the larmier, and let r/, h he the values of the tabular 
Deviations for the same tirades as found ia Table 8, not oniiitiug their 
of fiiutt or mitintt us the easi* may be. 

Then the Q of the Seheiiie --- ^The sivrn of Q i- nut to be re- 

gnrdetl ; it is merely a maj^nitude.) 

H ^ J ~ a Q ; or M * ~ h Q. 

situated at (bade .V) , - 14'38 
/», situated at (trade 5 , = iri2 

The eorres|K)ndin^ tabular Doviatiims are : - a «« -pO'll) ; b « — 2‘44. 
n Li as \v\-z .V2C. . 

^ 0 111 4- 2-44 2 

M 1 i.:w - 019 X i » 14 0 
I>r - !) li + 2-44 X 2 = 11-0 
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tliroutjfh the formi<liil)le thieket of dittieultiefl that baiv 

O 

the patli of tliose wlio pursue the 8cienee of man. 

Illustration of the Cause of the Curve of 
•y. — The. Curve of FnMjueuey, aiul that of Dis- 
triluition, are oonv(U*til»le : therefoiv if the genesis of eitluT 
of them ean he made eh‘ar. that of th(‘ other he(*omes 
also iiitelligihle. 1 shall now illustratt* tin* origin of tin*. 
Curve of Frequeuey, hy means of an api>aratus shown in 
Fig. 7, that mimics in a very ju'etty way the coJiditions 


FIG .7. 


FIG .8. 


FIG .9. 


C!" 


r 



b 



on which Deviation dejKmds. It is a fiame ghizinl in 
front, leaving a dej»th t>f about a quartiT of an inch be- 
hind the glass. Strips are placed in the upj>er j»art to act 
as a funnel. Below the outlet of the funnel stand a 
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Hucccssion of rows of pins stuck squarely into the back- 
lioard, and b(‘low these again are a series of vertical 
coiu])artinents. A cliarge of small shot is inclosed. 
When th(‘ frame is hehl topsy-turvy, all the shot runs 
to the ui)i»er cuid ; then, when it is turned back into 
its working position, the desired action commences. 
Lateral strips, sliowii in the diagram, have the effect of 
directing all the shot that had collected at the upper 
(‘lid of tile frann^ to run int(» the wide* mouth of the 


funni‘l. The sliot j masses through the funnel and issuing 
from its narrow en<l, scampers d(‘viously down through 
tln‘ pins in a curious and int(‘resting way; (‘aeh of them 
darting a steji to the right or left, as the, case may 1 h‘, 
every tinn* it strikes a pin. The jiins are disposed in a 
quincunx fashion, so that (‘very descending shot strikes 
against a pin in each sucei^ssive row. The (‘ascradi'. 
issuing from tin* funin*! broadens as it (l(*sc(‘nds, and, at 
length, every shot finds itsidf caught in a (auujjartment 
inimediatt'ly after freeing itself fnun tin* last row of 
pins. The outline (»f the (*oIuinns of shot that a(*euinulate 
in the su(*cessiv(* compartments approximati's to the 
Curve of Freiiuency (Fig. 3, i». 38), and is (dos(*ly of 
tin* same sliapi* however often tin* (*xperinn*nt is re- 
}M*at(*d. The outliin*of the columns would b(‘(‘om(‘ more 
ni'arly id»*ntical with the Normal Uurvt* of Frequency, 
if tin* rows of juns were much mon* nuinennis, the shot 
smaller, and the compart nu'Uts uarroW(‘r ; also if a larger 
(juantity of shot was u.sed. 

The prineiph* on which the action of the ap[»aratus 
depends is. that a numb(*r of small and ind(*pendent 
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aeciilents oarli sliot iu its eaivor. In raro cases, 

a loiiir run uf luck ( ontinues to favour llie course of 
a j»aiticular sliot towards either outside ]>lace, hut in 
tlie larp^e majority of instan(a‘s th(‘ nuinher of ae(*idents 
that (*aus<* Deviation to the riuiit, Italaiice iti a m’cjiter 
or less di'i^rei* thos<* that (*aus(' J)eviation to the left. 

Thereft>re m(»st (»f the shot finds its wav into the (*oni- 

% 

jiartments that are situated near \n a ]ier]M‘inlicnlar liiu', 
drawn from tlu* outh t of tin* funnel, and the Fre<jnenev 
with wliich slants stray to dilferent di»lane(‘s to the riuht 
r>r left of that liia* (liininishes in a much fast(‘r ratio 
tlian tliose distances increase. Tliis illustratc*s and 
explains th(* reason wliy mi‘di<icrity is so comnum. 

If a larcfer <]uantity of shot is ]»ut inside t he apj»ara1us, 
the reMillino curve will !»• mnn* humped, hut <»ne half 
of tlu‘ shot will ."till fall witliin tlu* same distance as 
hcfore, rcekonini.t ri^ht aiul left (»r the ]»erpen- 

dicular line that ]».‘isses liiroiioli the nuuith of tlu‘ 
funnel. This di>tance, which dotjs iu)t vary with the 
<juantity of the shot, is the ** Droh : lOrror,'’ or “Jh*oh: 
Deyiation,’' of any sineh* sliot, and has tlu* same value 
as our Q. Ihit a Sehenn^ of Kreijiiency is unsuilahle 
for finding tlu* values of either M or Q. 1'o do s<i, we 
must divide its strangely sliajusl area into foitr e<jual 
parts hy yertical lijies, which is hanlly to l»e cllected 
(‘xct'pt hy a tedious process oi “Trial and Krror.” t)n 
tlu* otlu*r hand M and Q can he derived from Sclu-nies 
of I)istril»utiou with no more trouble tlian is needed to 
divide a line into hair e<pial parts. 


F 
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Onhr in Aj^parent Chaos . — I know of scarcely any- 
so apt to impress tlu^ imagination as tlic wonderful 
form cosTni<t onk*!* (!X]>r<*ssed l)y the “ Law of Fre- 
tpieiicy of Krror/’ The law would have heen jiersonified 
l>v tlie (Jrceks and d<'ili<;d, if tlu v had known of it. It 
reiiriis with serenity and in complete, self-effacement 
amidst the. wildest (toiifusion. The hue;(T the nioh, and 
the ^n-ater the appan*iit anarchy, the. more ])(‘rfect is its 
sway. U is the sujn-emci law of l’nr(‘asou. Wluuiever 
a hirtjre sam]»le of chaotic (‘lements an* taken in hand 
and jnarshalled in the order of their map;nitiid(‘, an iin- 
snspeeted and most heantiful form of i(‘in;nlarity jn'oves 
to have heen latent, all alonj^. Tin* tojjs of the mar- 
shalled row form a tlowinj;* (*urv(‘ (d* iiivariahle ]>ro- 
]Hirtions; and ea(*h eh*ment, as it is sorted into ])lac.(*, 
tind>, as it wire, a ]»re-ordained niche, aecn]'ati‘ly 
ada]>ted to lit it. If the measurement at any twf> 
spccilied (hades in the vow are known, those that will 
l»e loiind at everv other (lra«le, except towards tin*, 
extrenn* ends, can In* predicted in the wa\' alr<‘aclv 
ex]dain(‘d, ami witli mm*h ]»reeision. 


ms la iltv Lntr ttf Ji^ror . — .\11 the j»ro]»erties of 
the Law of Freipiemy nf Kri’or can he eXJU’essetl in 
terms t>f Q, or of tin* l*n»h: Krror, ju>t as tho.se of a 
<ireh* can he e\]in‘sse«l in terms of its radius. The 
visible Sehenn‘s an* not. however, to he remov(‘d too 
soon from our imamnatitm. It is always well to retain 
a clear ir<*ometri<' view of the facts when we an* dealinjr 
with statistical j>rohlems. which ahound with dangerous 
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pitfalls, easily overlooked by the unwary, wliile they art' 
eaut(*ring jj^aily alon^ upon their arithmetie. The Laws 
of Error are beautiful in themselves and exceedinj^ly 
fascinating to iiapiirers, owing to tlie thoroughness and 
sim]>licitv witli wliiclj tlit'v dt'al with masses of materials 
that aj>]»(‘ar at first sight to 1 k' entanghmituits on the 
largest st.‘alt\ an<l of a ho])t'l<*ssly eonfus(*d d(*scription. 
I will nientit)!! fivt‘ of tlit' laws. 

(l) The following is a meclianical illustration of tht' 
first of them. In tht‘ a]>paratus already deseribtul, let r/ 
staial for tin* Lrob: Error i>f anv out* of the shots 

4 

that are dispersed ainong the eoin]>artment s LIl at its 
base. Now cut tin* a}>paratus in two ]»arts, horizonlaJly 
through the rows of pins. Separate the parts and interpost' 
a row <»f vertieal comjKirtmeiils A.\, as in I'ig. H, ]>. 
where the brittoui (‘Oiiijiart nu'iits, Bib corresponding to 
tliti>.e .^howii in Fig. 7, are redut-ed in half tlieir depth, in 
order to bring the whole figun* within the sann* sized 
milline a'- before. The eomjKirlnients BB are still deep 
tmoiigh for their purp<»se. it is clear that tin* inter- 
polation of the AA compartments can have no ultimate. 
(*tlect on the final dispersion (»f the shot into those at 
BB. Now close the ]iott<iins (d‘ all tin* A A emnpart- 
inents : then the shot that falls from tla^ funnel will be 
r<*tained in them, and will be <'omparativi*ly little di^- 
p4nsed. Let the Prob: Error f»f a shot in the A A <*om- 
partment> be called a. Next, 4»p<'n the bottom of any 
on** of the A A compartments ; tln*n the shot it cojj tains 
will casca<le downwards ami flisperse thcinse'lves among 
the BB compartments fui eitln r .^i<b‘ «»f th** j»erp<*ndicu- 

F 2 
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lar line drawn from its starting point, and each shot 
will have a Proh: EiTor that wo w^ill call 6. Do this 
fur all th(i AA compartments in turn ; h will be the 
same for all of them, and the final r(\siilt must be to re- 
])roduce the. idimtically same system in the BB com- 
]»artments that was shown in Fig. 7 , and in wdiich each 
shot had a Brob: Error of q. 

The disjKTsion of the shot at BB may th(U*eforc be 
h)ok(*d u}»on as eomjiounded of two siiperimj)osed and 
iu(lt‘])(‘ndent syst<‘nis of dis2M*rsiou. In tlu* one, when 
acting singly, each shot has a Prob: Error of o; in 
the other, when a(‘ting singly, each slu^t has a Prob: 
Error of /y, and the rt\sult of the two acting together is 
that ea(*h shot has a IVob: Error of f/. What is the 
r(‘lalion between o, 6, and </ ? (Calculation shows that 

= In other words, q corres]>onds to tlu* hy]K)- 

tlumuse of a right-angled triaiigh; of which tlu‘ other two 
sid(»s an* u ajid h n*sp(‘(*tive]y. 

(2) It is a corollary of the fon‘going that a system Z, 
in ^Yhich c*aeh ehunent is the Sum of a c(»uj>le of inde- 
p(*ndent Errors, of which one has be(‘n takc*n at random 
fnuu a N(»rinal system A an<l th<* other from a Nonnal 
syst(‘m B, will itself be Normal.' (^ailing the Q of the Z 
system 7, and the Q c»f the A and B systems res]K*ctivelv, 
a aiul 6 , then (/ = ((* 4 

* Wo may wv the nUiimale of lliis coniUary if we invert pari of the 
Matement of the pri>l»h‘m. InsUwl <if Htiyin*,: ttnit nn a element tlevintes 
fntiu itH M, anil that a D clement aliM* deviates independently from in 11, we 
may phraiH' it thu 4 t : An a element deviuten fn>m its M, and iU 11 deviates 
frttjn the n element Therefon* the deviati«m of the » element fnmi the 
A element in conifHmndeil of two intle]H>ndeiit deviations, as in rnddem 1 . 
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(3) Sui)}M>st* that a row of coinjiurtiiionts, whoHi* uj»|x'r 

openings are situated like those in Fig. 7, page 33, an* 

ma<le first to eonverge towards some givtui j^oint 1 m‘1ow, 

]>ut that liefon* reaehing it their sloping eoiirsi' is 

eheeki‘d and they are tlnuundorwanl allowed to dr(»p 

vertieallv as in Km. 1). The (‘Heet of this will Ik*. \o 
• ^ 

eoini>ress the heap of shot laterally ; its outline will still 
he a Curve of Fretpieney, luit its Fn>h: Ern»r will he 
diminislH*d. 


Tin* foregoing tlirei^ jiroperties of the Law of Krror are 
well known to inath(*mati<*ians and r«‘cjiiire no dein<»n- 
stralii>n here, hut two other |>ro|M*»'ti«*s that are not 
familiar will he of use also; ])roofs of them hy Mr. J. 
Hamilton l>i<*ks<in are given in Appendix 15. Tln*y jire 
as follows. 1 purposely seleet a flitfereiit illustration to 
that used in the •M'l leiidix, for ill * sake (»f ]»resenting 
the saim* general prohleiu iind<*r nio]’(* than one of its 
apj»lieations. 

(4) lJullets are fired hy a man who aims at the eentre 
of a target, whi«*h wt* will rail its M, and we will suppose 
the marks that the bullets make to he ]»ainted red, for 

the .sake of distinetion. The svstem of lateral deviations 

«• 

of tln‘se red marks from the <M'ntre M will he aj>j>roxi- 
mately Nonnal, wln^se Q we will (!all c. Then another 
man takes aim, not at the, e<*ntre of tin* target, hut at 
one or other of the red marks, selecting thes<* at random. 
AVe will supjiosM? hi.s .shots to Ik* jiainte<l green. Tlie 
lateral distance* of any green shot from the red mark 
at whi<*h it wa.s aimed will have* a Proh: Error that we 
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will call h. Now, if the latc^raJ distance of a particular 
green mark from M is given, what is the most jjrohahle 

distaiKH* from M of the red mark at wdiieh it was aimed ? 

/ 

r ^ m m 

It is 


(5) What is the Vvoh: Error of this determination? 
In other words, if estimates have l)een made for a great 
many distances founded \\\mn the formula in (4), they 
would he corr(*<^t on tht^ av(Tag(‘, though erroneous in 
particular cases. Tlie errors thus imule would form a 
normal system whose Q it is desired to determine. Its 

value is 


ily tin? help of tlit\se five problems the statistics of 
heiHulity become perfectly maiingealde. It will be 
found that they enable us to deal with Fraternities, 
Populations, or other (Jroups, just as if they were units. 
'Fhe largt'uess of the number of individuals in any of 
our gnmps is so far from scaring us, that th(*y are actu- 
ally w(4eomed as making the calculations more sure 
and none tin* less 8imph\ 
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onla of Family FacultieH, nr K. F. F. «lala. ~SjH‘ciiil DaUi. - Mv;imirr> 
at my Autljmpomctric Lal)urat(»ry. - l!l\|H*rimi‘iit8 i/ii Sww't I’i uh. 

I HAD to <‘ollr<*t all i)»\' data for iiiys« ir, ;is iioihinn 

s<» far as I know, that w»»iihl satislV ovni my 

^ • 

priniary nMjuin'imail. 'fliis was to obtain rrrords of at 
h*ast two surrrssivt* ojoncrations of somo pojnilation of 
coiisi<h*rahli* si/r. Tlioy must h.tvr livrd un<h*r <*on- 
ditioiis that W(‘n* <»f a usual kind, and in whifh no on at 
varieties of nurture wi-re to be fouinl. Natural sfh*etion 
must have had litth* intlueiire on the eharaeteristies 
that Wt*re to be examined. Thesi* must be measurabh , 
variable, ami fairly eonstant in the same individual. 
The result of numerous imjuiries, made of the most 
competent p<Tsr»ns, was tliat I beoan my experiments 
many years ago on the sf‘eds «)f sw<*<‘t peas, ami that 
at the jiresent time* I am breeding lucUfis, as will be 
explained in a later ehajiter, but this Ijook refers to 
a human po}>ulation, which, take it all in all, is the 
easiest to work with when the data are one*e obtained, 
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to miy nothing of its being more interesting by far than 
one of sweet j)cas or of moths. 


Record of Famihj Faculties, or R.F.F. Data . — The 
Houre.e from whic^h the* largta* part of my data is derived 
consists of a valual)l(! collection of “ Records of Family 
Faculties,” obtained through tin* offer of prizes. They 
have l»e.(‘n mu<‘h test<‘d and cross-t(‘sted, and have borne 
th(‘, oi*(le.al very fairly, so far as it has been apj^ied. It 
is well to r(^jn*iut tlui t(*nns of the publish(‘d offer, in 
onlci* to give a just idea of th(‘ eonditioiis under which 
they wer(‘ coiniiiled. It was as follows : 

“ Mr. Frau(‘is (ialtoii oilers 500/. iu ]>rizes to those 
Rritish Subjerts resident in th(‘ United Kingdom who 
shall furnish him before* May 15, 1884, with the l)cst 

Extracts from tlndr own Familv ll(*cords. 

%>■ 

“ ddiese* Extracts will be^ tn*a ted as confidential docu- 
im'Uts, to be used for statistical j»uriM)ses only, the 
insertion of names of persons and jdaces being retjuired 
solely as a j^uarantee* of autlH‘nt icily and to enable Mr. 
(lalton te> e(unmuni<*ate with the writers in cases where 
furtln*r <jin*stion may be necessiiry, 

“The value of the Extracts will la* estimated by the 
degri*e in which tln*v seem likely to facilitate the scion- 
tific inv(*stigations dt*scriln*<l in the preface to the 
* Record of Family Faculties.' 

More especially : 

(a) By inchnling every direct ancestor who stands 
thin the limits of kinship there sj>ecified. 

** (/#) By including l>ri«‘f notices of the brothers and 




«< 
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sisters (if any) of each of those ancestors. (Importance 
will be attiiched both to the completeness with wdiicli 
each family of brothers and sisters is described, and also 
to the number of persons so described.) 

“ (r) By the character of the evidence upon which the 
information is based. 


“ (d) By the clearness and conciseiKJSs with which the 
statenunits and remarks are made. 


‘‘ Th(‘ Extracts must l)e humbly (‘iitend either in tlie 
talmlar forms contained in the (*op}' of iht*. ‘ Record of 
Family Faculties’ (into which, if monj sj>ace is wanted, 
additional ])ages may l)e stitdied), or tiny may 1)0 
written in any other l)ook with pai^es of th(‘ same, size 
as tho.se of the Ue(;ord, ]>rovud(‘d that the iidbrmation l)e 
arrani^ed in tlje same tabular form and order. (It will 
lu‘ o])vious that uuifonnitv in the arrane'e.im'nt of doeu- 
meiits is of primary imj)ortance to thosi* wlu) itxamine 
and eollate a large iiumlMU’ of tluun.) 

“ Eai'h comjHjtitor inu.st furnish tlie naim^ and addn*ss 
of a referee of good social standing (magistrate, clergy- 
man, lawyer, medical practitioner, &c.), who is personally 
acipiainted with his family, and of whom imjuiry may 
In* made, if desired, iis to the general trustworthiness of 
the eom]>etitor. 

“Tin* Extracts must be sent ]»r('paid and by post, 
addressed to Francis Galton, 42 Rutland Gate, I^iidou, 
S.W. It will be convenient if the lett4U-s ‘ R.F.F.’ 


(Record of Family Faculties) l>e writt(*n in the left- 
hand corner of the parcel, below the achlress. 
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“ The examination will be conducted by the donor of 
the j)rizc,s, aided by competent examiners. 

“ The value of the individual prizes cannot lie fixed 
l>eforehand. No prize will, however, exceed 50/., nor be 
less than 5/., and 500/. will on the whole be awarded. 

“ A list of thti gainers of the prizes will l)e posted 
to each of tlunn. It will be, publisluul in one or more 
ot the daily lUiWsjuiiHTs, also in at h‘ast one ch^rical, and 
one medical .rouriial.” 


Th(^ numlM‘r of Family Kecords sent in reply to this 
«>H(‘r, tliat (les(*rved to la* seriouslv" eonsidtTtal l)efore 
atljudging the ju'izes, Ijandy reached 150; 70 of these 
being (‘ontribiited by males, 80 by females. The re- 
mainder were imperfect, or they were marked “ not for 
<!omiH^tition,” lait at haist 10 of these have been to som<* 
d(‘gree utilised. The 150 Heconls were contributed 
by piTsons t»f verv various ranks. After classing the 
femah‘, writers according to the ]>rofession of their 
husbands, it they were married, or a<vording to that of 
th(*ir fathers, if they W(*re. unmarried, I found that (*ach 
oi tlu‘ lollowing 7 chisses had 20 or somewhat fewer 
representatives: (1) Titl(*d jK*rsons and landed gentry; 
(2) Army and Navy ; (3) C’hurcli (various denomina- 
tions) ; (4) Law ; (5) Medicine ; (0) C-ommerce. higher 
class; (7) C\>mmerce, lower ehiss. This atrounts for 
nearly 130 of the writei’s of the Records; the remainder 
are laud agents, fanners, artisans, litenuy men, school- 
nnusters, clerks, students, and one domestic servant in a 
family of inwition. 
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Three cases occurred in which the Records sent by 
different contributors overlapped. The details are 
complicated, and need not be described here, but tlie 
result is that five persons have been adjudged smaller 
prizes than they individually desei-vcd. 

Every one of the replies refers to a very lai-ge number 
of 2 )ersons, as will easily be understood if the fact is 
borne in mind that each individual has 2 jjureiits, 4 
griiiidiiiu-eiits, and 8 great imreiits; also that he and 
each of those 14 progenitors had usually l)rothers and 
sisters, who were included in the iiujuiiy. The rejJies 
were unequal in im^rif, as might have lH*en expected, l)ut 
many were of so high an order that I could not justly 
select a few as r(*cijiients of largit j)riz(is to the exclusion 
of the rest. Tliereforcj I divided tluj sum into two 
considerable grou])s of small prizes, all of which were 
well deserved, regretting much that 1 had none, left to 
award to a few otlnu’s of nearly tMjiud merit to some 
of those who luid been successful. The list of wininu-s 
is reju'oduced lielow, the four years tliat have ela]>sed 
have of course made m)t a few changes in the addresses, 
which are not noticetl here. 


LIST OF AWARDS. 

A Prize of £l was awariied to each op the 40 foi.lowino 

Contributors. 

Amphlett, John, Cleiit, Stourbridge ; Batchelor, Mrs. Jacobstow llectorj', 
Stratton, N. Devon ; Bathurst, Miss K., Vicarage, Biggleswafle, Betlford- 
shire ; Beane, Mrs. C. F., 3 Portland Place, Venner Rood, Sjrdenhanj ; 
Berisford, Samuel, Park V'illas, Park Lane, Macclesfield ; Camithers, Mrs., 
Brightaido, North Finchlej ; Carter, Mias Jessie K., Hazelwood, The Park, 
Cheltenham ; Cay, Mrs., Eden House, Holyhead ; Clark, J. Edmund, 
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Feversliam Temice, York ; CuHt, Lady Elizabeth, 13 Eccleston Square, S.W. ; 
Fry, Edward, Portsiiioiilli, 5 TheClrovc, N. ; Gibson, G. A., M.D., 

1 Handol]di 0116’, Edinburgh ; Gidley, B. (’oiirtenay, 17 Ribblesdale Road, 
l!oiTi«*ey, N. ; Gillespie, Fnmklin, M.D., 1 The Grove, Aldershot ; Griffith- 
Boseawen, Mrs., Ti’evulyn Hull, Wrexhuni ; Ilardcastle, Henry, 38 Eaton 
iSquure, S.W. ; Harrison, MihS Edith, (58 Ghuicester Place, Portnian Square, 
W. ; Hobh(»usi‘, Mrs. 4 Kensington Square, W. ; Ilollund, Miss, Ivyineath, 
Siiodlund, Kent ; Ilollin, George, Dartmouth House, Durtmouth Park Hill, 
N. ; liigniiii, Mrs. Aden, (Jhuiley, Lewi--, Sussex ; Johnstone, Miss C. L., 
3 Clarendon Place, Leuininglon ; Lune-Poole, Stanley, 6 Park Villas East, 
Riehimmd, MiiUllesex ; Jiealhley, D. W. B,, f)!) Lincoln's Inn Fields (in 
trust lor a e-oinjMititor who desires her name not to be published); Lewin, 
Lieulenaiit-(\donel T. H., Colway Lodge, Lyme Regis; Lipscomb, R. H., 
East Budleigh, llu'lleigh Sallerton, Devon ; Mjilden, Ileiiry C., Windlesliam 
ILmse, Bright(»n ; Mald(*n, Henry Elli<»t, Kitlaml, Ilolmwood, Sum*y ; 
Me,Call, Hanly Bertram, h St. .\ugUftine*s Road, Edgbaston, Birmingham ; 
Moitre, Mi.-s Geoi-gina M.,46 Chepstow JMaee, Bay.Nwaler, W. ; Newlunds, 
Mrs., Raedeii. near Aberdeen ; Pearson, Davi»l R., M.l)., -3 Upj»er Phili- 
iiiore Place, Kensingt<m, W. ; Pearson, Mrs., 'I'he Garth, Woodside Park, 
N«*rth Finchley : Pechell, Ihu vey ('hnrles, 0 West Chapel Slmet, Curzoii 
Street, W. ; Roberts, Samuel, 21 Roland Gardens, S.W. ; Smith, Mrs. 
Archiba’d, Riverbank, Putney, S.W. ; Straelny, Mrs. Fowey Lodge, 
(Mapham Common, S.W. ; Sturge, Mi>s Mary C., C’hilliswood, TyndaH’s 
Park, Jh’ist4il ; Sturgi*, Mrs. R. F., Ktl Pembroke Road, Clifton ; Wilson, 
Edward 'I'., M.D., We^tall, ('heltenham. 

A Pui/.K OK i;*» WAS AWAUOKO TO I:A('H OK THK 44 KOl.LOWINCi 

C(»XTUllirTOKS. 

Allan, Franci.s J., M.D., 1 Dock Suvet, E. ; Atkinson, Mrs., Clare College 
I.iKlgj*, Cambridge; Bevan, Mrs, Piumptiui Hiui.se, Bury St. Edmunds; 
Browne, Mis.s, Maidenwell Housi», Louth, Lincolnshire; Cash, Frederick 
(loodall, (Jloucestcr ; Chisholm, Mrs., Church Lane House, Hasleiuere, 
Sum*y ; Collier, Mrs. R., 7 Thames Embankment, Chelsea; Cruft, Sir 
Herbert G. D., Lugwanline (\mrt, Herebml ; Davis, Mrs. (care of Israel 
Davis, 0 King's Bench Walk, Temple, E.C.) ; Drake, Henry H., The 
Firs, Lee, Kent; Ercke, J, J. O., 13, Brownhill Road, Catfonl, S.R; 
Flint, Fenner Ludd, 83 Bivcknock Roa<l, N. ; Foril, William, 4 South 
Square, Gray’s Inn, W.C. ; F^isUt, Rev. A. J., The Vicamge, Wuolton, 
Ik'dfonl ; Glanville-Richimls, V. S., 23 Endsleigh Place, Plymouth ; 
Hale, C. D. Buw'diich, 8 Sussex Ganlens, Hyde Park, W. ; Horder, Mrs. 
Mark, Uothenwotnl, Ellen Grove, Salisbury ; Jackson, Edwin, 7t) Withington 
R<Hid, Whalley Range, Manchester; Jackson, Gettrge, 1 St. George's Terrace, 
Plymouth ; Kesteven, W. H., 401 Ho)low*ay Road, N ; Lawrence, Mr*. 
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Alfred, 16 SuiTulk Square*, Clielk^nliam ; Lawrie, Mrs., 1 Clieslium Flare, 
S.W. ; Lever*on-(i«>wer, 0. W. 0., Tit<»i‘y Place, LimpsQelil, Snrn*y ; L»>l>b, 
H. W., 66 Russell Square, AV. ; McConnell, Miss M. A. Rrooklanils, 
Frestwicli, Manchester ; Marshall, Mrs., Fenton Hall, Stoke-upon-Treiit ; 
Meyer, Mrs., 1 Rtxlney Place, Clifton, Briiitol; Miliuan, Mrs., The Governor’s 
Hfiuse, II. M. Prison, Cainiien Road ; Ohling, Mrs. W. 4 llrunswick Road, 
Brighton, Sussex ; Passin«:hatn, Mrs., Milton, Cambridge ; Pringle, Mrs. 
Fairnalie, Fox Grove Road, Beekeiihain, Kent ; Reeve, liliss, Foxholes, 
Cliristchurch, Hants; Scarlett, Mrs., Rosooinb Manor, Bournemouth; 
Shand, William, 57 Caled<»nian R«>ad, N. ; Shaw, Cecil K., Wellingttm 
Park, Belfast ; Sizer, Miss Kate T., Moorlands, Clreat Huntley, Colchester ; 
Smith, Miss A. M. Carter, Thistleworth, Stevenage ; Smith, Rev. Edward S., 
Viiiey Hall Vicanige, Blakem*}*, (ihmeestershire ; Smith, Mrs. F. P., (Mill'e 
Honsi*, Shellicld ; Slaveley, Edw. S. R., Mill Hill Schoid, N.W. ; Sturge, 
Miss Mary W., 17 Frt'deriek Ihual, Etlgbaslon, Ibrmingham ; Terry, Mrs., 
T<wtock, Bury St, Edmunds, Sutlblk ; Utley, W. 11. Alliance Ibdel, 
Cathedral Gales, MaiiclieMer ; West on, Mrs. Ensleigh, Lansdown, Bath ; 
AVodehouse, Mrs. E. R. 56 Chester Square, S.W. 


Till* iiRilffinl in thfsc IJcronls is snflicirntlv vnrit‘(l to 
lio of servit't* in nniny iinpiincs. The ('liicf siil»jt*('ts to 
Avliicli jillusion will l»c inadr in litis liook concern 
Stature, Lyc-(\)lonr, T(*nij>cr, the Artistic Fat'ully, and 
.some fonns o( Ilisrasc, Imt others an^ utilized tlntt refer 
to Marriage Sele(*tion and Fertility. 

Tlie following n‘marks in this Chaj»t<*r refer alin(»st 

Avhollv to tiu* data of Stature. 

»■ 

1 he data ilei*ived from the IJeeords of Family Faeiiltit^s 

% 

Avill lie hert‘after distiiigui.shed hy the letters K.F.F. I 


was able to extract from them the statures of 205 eoujiles 
of jjarents, with thos<* of an aggr<*gate of OBO of their 
adult children of hotli sexes. 1 must repeat that when 
dealing with the female statures, I transmuted them to 
tliidr male ocjuivaleiits ; and treated th(‘in wlu*n thus 
transmuted, on eipud tonus witli the measures of males, 
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excej>t w}ior(‘. othorwise o.xpreswc^d. The factor I used 
was r08, which is (‘quivalcnt to adding a little less than 
oiie-tw(^lfth to (^ach fiauale height. It differs slightly 
from tlif? factors einj>lo}'cd hy other anthropologists, 
who, monjover, differ a trifle hetween tlumsclves ; any- 
how, it suits my data better tlian 1 ‘07 or 1 ‘09. I can 
say e.onfidtuitly that tlie final result is not of a kind to 
l»e sensihlv affected hv th(*.s(‘. minute details, because it 
happened that owing to a mistaken dirc^ction, the com- 
put<!r to whom I first entrusted the figures us(*d a 


sonu^what diflerent factor, V4*,t ih(‘ final results earner out 
closi‘ly tin* sani<‘. These li.F.K. data have l>y no means 
tli<i jirecisiou of t la^ o1)s<*rvations to be*, sjiokcui of in the 
next j>aragra])h. In many cases then* remains eonsider- 
a!>l(‘ d(»ubt wh(^th(‘r the measurement rc'fiTs to the height 

o 

with the slioes on or off; not a few of the entri(is are, I 
fear, only estimat(^s, and the h(*ights are commonly given 
only to the Ui'.arest inch. Still, s]K*aking from a know- 
ledge ol many of the contribute )rs, I am satisfied that a 


fair share of these r(*turns are umbmbtinllv careful and 
thoroughly trustworthy, and as there is no sign or vsus- 
picion of bias, 1 have n*ason to place* confideiici*. in the 
valu(‘s of the Means that are d(‘riv(‘d from them. They 
bear the iutf*rnal tests that have been apj)lied better 
than might have been e.\jM*cted, and when checked by 
the tlata des«*ribed in the next paragraph, and cautitmsly 
tr(*at<*d, thej’ are very valuable. 


Sjwial Data , — A sc'cond set of data, distinguished 
by the name of ‘‘SjH'cial observations,” concern the 
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variations in stature among Brothers. I circulatoii cards 
of inquiry among trusted correspondents, stating that I 
wanted records of the heights of brotlua’s wlio were more 
than 24 and l(*ss than GO years of age ; tliat it was 
not neeessiirv to send the st^itures of all of tlu* brothers 
of the same family, but only of as many of them as 
could be easily and accurately measurcid, and that the 
height of even two brothers would bt^ a(*ceptabh*. The 
blank forms s(*nt to be filled, W(^ri‘ iiih'd V(U*tieally in 
three ]>arall(4 columns : (o) family name of (*ach S(‘t of 
brothers ; (/>) order of birth in (^ach set ; (c) heiglit 
without shoes, in find and incln*s. A ])lac(‘, was reserved 
at the bottom for the name and address of the s<*nder. 
Tln‘ circh‘ of iinjuinus widcin‘d, but I was satisfied when 
I had olilaiiCMl returns of :2q5 families, containing in 
the a^ixreonte 78*5 l»rothers, some few of wlloin also 
ajipear in tin* l!.K. F. data. Though these* two sets of 
returns overlaj> t(» a trifling <*xteiit, they are ju’actieally 
independent. I l<M>k ujton tin? “ Sjeecicul Oleservations” 
as be-ing quite* as trustworthy as ee)ulel be* e*x}K*cted in any 
sue-h re turns. They bear every internal test that I can 
api»ly t(» them in a veuy satisfactory maniKT. The mea- 
sure's are* cemimonly re*corde*el te) ejuarter eu half ine*iies. 

'ftsiurs at uaj Aiithroj^ohietric fjahoratory, -K 
thirel set of data have been incielcntally of service. 
They are* the* large; lists of m(‘a.sures, ne*arly 10,000 in 
number, made at my Anthropomotriej Labejratory in tlie 
Inteniatiemal Health Exhibition of 1884. 

4. J^jjcjK'riments on Siveet Peas, - The last of the data 
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that I nc(*d spocify were the very first that I used ; they 
refer to the sizes of seeds, whieh are equivalent to the 
8tatur(‘s of sc^e.ds. I both m(‘.asured and weighed them, 
but after assuring mys(‘lf of the equivalence of the 
two metho(ls (see Ai)peiidix C.), confined myself to 
as(*,ertaiiiing the wi^ights, as th(;y were much more 
easily as<‘ertained than the measures. It is more 
tluin 10 ynm sinee I j>rocured these data. They 
wen* the r<*sult f»f an extcuisivti seri(*s of experiments 
<»n the j»ro(lu<‘e of se(»ds of dilbi'ont siz(*s, Imt of 
the same spe<‘ies, eondu(*t(‘d for the following rc'asons. 
1 had eiab'avoured to find a ]>oj)ulation poss(‘ss(*d 
of some measurable (*haraet(*ristie that was suitable 
for investigating the. causes of the statistical similarity 
b(*tween su<*(‘es.sive generations of a ]K*ople, as will here- 
after be discussed in (diapter \ III, At last 1 detcTinined 
to (*xperiin(*nt on se(‘ds, and after much inquiry of very 
coiupi‘ti‘Ut advisers, sel(*cted swei*t-peas for th(» jmrposi*. 
Tln‘y do not cross-fertilize, which is a very exeej)tional 
condition among j>lants; tln*y an* hardy, j»rolific, of a 
convenient size to handle, ami nearly spherical ; their 
wt*ight does not alter ]KTceptibly when the air changes 
from damp to dry, and the litth* j>ea at the end of the 
jMul, so <‘haracteristic <»f ordinary pt*as, is absent in sweet- 
}H*as. 1 began by wtdghing thousiinds of th(*m individ- 
uallv, and treating th<*m as a census officer would tn‘at 
a large jsqmlation. Tln*n I selected with great j>ains 
several sets for planting. Each s('t contained s(*ven 
little packets, luimbenHl K, Ji, M, N, O, P, and Q, 
ea<*h of the st*vi*n i>ackets contained ten seeds of almost 
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exactly the same weight ; those in K being the lieavi(‘st, 
L the next heaviest, and so down to Q. which was the 
liglitest. The j>n‘eise weights an* given in Apin^udix C, 
together with tln^ eonvs]>onding diameters, whieli I 
iis<'ertainetl ]»y laying 100 jteas of the staut* weight in a 
row. The* weiglits run in an arithmetic Ht*ries, ha\nng a 
common average differemv of 0*172 grain. I do not of 
course pntfess to work to thousiuulths of a grain, though 
I did work to somewhat less than one* hundn*dth of a 
gniiii; theref(»re the third decimal j»lac<‘ re]»resents littl«* 
more than an arithmetical w<»rking vahn* which has to be 
regarde<l in nuiltipli<*ations, lest an (‘rror of sensilile im- 
portaiK'c sliould l>e introdiicecl by its rteglect. (^iriously 
enough, the dianu'ters wen* found also to run a]»|»roxi- 
inately in an arilhm(‘tic series, roving, I suj^pose, to thr* 
misshape and comigations of tin* smalltT s<‘eds, which 
gave them a larger diam«*t«‘r than if they ha<l b(*en 
plumped out into splien*s. All this is shown in the 
A]>pendix, where it will be s«*en that 1 was justifietl 
in sortine: tin; seeds by the convc*nient method of the 
balanr*r* and weights, and of ar’cejiting thr; weights its 
dire<*tly j»rr»j»<»rtional to the mr^an <liamr‘t<Ts. 

In each <*xperimeiit, seven beds were j>r(*pared in 
paralhd rrovs ; each was feet widr* and 5 fei*t 
long. Ten hr»le.s of 1 inch deep were rlil^hled at ecjual 
dLstanecs aj>art along ear-h bed, and a single simmI was 
put into eaeh hole. The beds were then bushed rjver to 
keep off the lurd.s. Minute instnn’tirms w(*rc: given to 
ensure uniformity, which I need not rejH»at hero. The 
end of all was that the seeds as they became ri[»c were 

o 
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collected from time to time and put into bags that I 
had sent, lettered from K to Q, the same letters having 
been stuck at thcj ends of the beds. When the crop was 
coming to an end, the wliole remaining produce of each 
bed, including the foliage, was torn up, tied together, 
labelled, and sent to me. Many friends and acquaint- 
ances had each undertiiken the planting and culture of 
a complete set, so that I had simultaneous experiments 
going on in various parts of the United Kingdom from 
Nairn in the North to C^ornwall in tlie South. Two 
proved failures, but the final result was that I obtained 
the more or less eomj)l(*te j)rodueo of seven s(‘ts ; that is 
to say, the produce of 7 x 7 x 10, or of 490 carefully 
w<‘ighed })ar(‘nt S(‘eds. Some additional account of the 
results is given in Apj)endix C, 

It would be wholly out of jJacc to enter here into 
further details of the experiments*, or to narrate the 
numerous little dittieulties and im])erfeetions I had to 
contend with, and how I balanced doubtful cases ; how 
I diviiled returns into gi*ou}Ks to sec if they confirmed 

one auotluT, or how I conducted anv other well-known 

«/ 

stetistical ojw'mtion. Suflicc it to say that I took im- 
ramise pains, which, if I had understood the genenil 
conditions of the j>roblem as cleai*ly as I do now, I 
should not ptu’haps have cared to bestow. The results 
were moat satisfactory. They gave me two data, which 
were all that I wanted in order to understand in its 
simjdest approximate form, the way in which one 
gtmeration of a |>eoplo is descended from a previous one ; 
and thus I got at the heart of the problem at once. 
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Stature as a 8ubj<*rt for inquiry.— Marriaf:t* Sebetion. iHBue of lujlike 
]*areiits. — Description of the Ta(»les »>f Srulure. Miil-Stature of the 
Population.— Vrtiiahility of the Population. Variability of Miil- 
ParentK —Variability in Co-Frat«*rnitU’H. - K**:.;n‘f«»ion : o, Filial; 
/>, Mi<l*Parental ; r, Parental ; Frulenm1.-'‘S<(nailronA of Statures, - 
Siuvessivo (Icneralionsi «if a People. - Natural Seb*« iion.— Variability 
in Fniternilie,**. - TruKtworthineiw of ♦lie Fou'^taiitH. - (inieml view of 
Kintiliip. — Sejwirute Contribution from rath Ancealor. — IVdij 
M'lths. 


Statfn*e as a Sfdtjcct for Inffoirtf , — Tlie first of 
in<|uiri<*.s into tht? law.s of liuniaii with 

IicnHlitarv Stttturo, which is an cxc<*llcnt sul»j<'f ( for 
statistics. Some of it.s merits are olivious enoii;^lj, sueh 
as the ease anil freijiit jiry w'ith whieli it may lie inea.snreil, 
its jiraetical constaiiey duriiii^ tltirty-five or forty years 
of miildle life, its eomjtaratively small <lej»en<lenee U|>oa 
differences of Imnpng uj>, and its ineonsiderahlc influ- 
ence on the rate of mortality. Other adMtntages w'hich 
art> not ccjually obvious are eijually great. One of these 
is due to the fact that human stature is not a siinjile* 
element, but a sum of the accuniulatefl lengths or 
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thickncsRcs of moro than a hundred 1)odily parts, each 
so distinct from the njst as to have earned a name by 
which it can be specified. The list includes about fifty 
separate bones, situated in the skull, the spine, the 
pelvis, the two legs, and in the two ankles and feet. 
The bones in both the lower limbs have to be counted, 
luicausc the Stature depends upon their average length. 
The two cartilages interj^osed between adjacent bones, 
wherever there is a movable joint, and the single 
cartilage in otlua* cases, are rather more numerous than 
the bones themselves. The fleshy parts of the scalp 
of the head and of the soles of the feet conclude the 
list Account should also be taken of thu shape and 
set of the many bones which condm^e to a more or less 
arclnnl iustej), straight back, or high head. I noticed 
in the skchdon of O’Brien, tin* Irish giant, at the College 
of Surgeons, whitdi is the tallest skideton in any English 
museum, that his great stature of about 7 feet 7 inches 
would have been a trifle, increased if the faees of his 
dorsal vertebnn had been more parallel than they are, 
and his back conse<jU(*ntly straighter. 

This multijdieity of eh*ments, whose variatiims are to 
some d(*gree independent of one another, some tending 
to lengthen the total stature, others to shorten it, 
<*orr(*sponds to an o(]ual number of sets of rows of 
jnns in the ai^panitus Fig. 7, p. 63, by wliich the cause 
of variability was illustrated. The larger the number of 
these variable elements, the more nearly does the varia- 
bility of their sum assume a “Nonnal” character, though 
the approximation increases only «as the S(]uare root of 
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their uumher. The heautifiil regularity in the Statures of 
a jjopulatiou, whenever they are statistically niarshalleil 
in the order of their heights, is due to the nunil)er 
of variahle and cjuasi-indepeiident elements of which 
Stature is th(* sum. 


Murrliifje Stitrflon. — Whati^vt r may lu* tlie sexual 
preferences ft»r similarity or for <*ontrast, I find little^ 
indication in the average results ohtnined from a fairly 
large numher of <*ast‘s, of any single measuraUh* pers(»nal 
peculiarity, whether it In* staturt*, tiunjKT, ey(»-eolour, 
or artistic tastes, in influencing marriage select i(Ui to 
a luUahle degree. Nor is this extraordinary, for though 
j»eoj»]e may fall in love for trifles, marriage is a serious 
act, iisuallv detennined hv th(‘ coijcuiTciKa* of inumTons 

•r « 

motives. Tlnrefore wt* could hardly ex[i(*ct eitluT 
shortness c»r tallm*ss, darkiH*ss or lightness in com- 


j)lexion, or any other single <juality, to have in the 
long run a large separate inttutuici*. 

I was (*ertainly surjuised to find how impercej>til>le 
was the influeiici* that even good and had T<**nper 
seemed to exert on marriage select i(»n. A list was mmle 
(see Apjiendix D) of the observed fre<juen<*y of mairiages 
between persoiLS of <fach of the various classes of T<*m|K*r, 
in a group of 111 couj^les, and I calculated what would 
have been the relative frequency of intemarriages be- 
tween persons of the viirious elasws, if the same numlxT 
of males and females had been jiaiji*d at random. The 
result showed that the ob.Herv'ed list agreed closely with 
the calculated list, and therefore that lhe.se observations 
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gave no evidence of disciiminative selection in respect 
to Temper. The good-tempered husbands were 46 per 
cent, in numl)er, and, between them, they married 22 
good-tt*mp(.‘rcd and 24 bad-tempered wives ; whereas 
calculation, havdiig regard to the relative proportions 
of good and ]»ad Temper in the two sexes, gave the 
num]>ers as 25 and 21. Again, the bad-tempered hus- 
bands, who were 54 per cent, in number, married 31 
good-tem[K‘r(‘<l and 23 bad-temj)ered wives, whereas 
calculation gave the numlxu* jis 30 and 24. This rough 
summary is a just exjiression of the results arrived at 
by a more minute analysis, which is d(*scribed in the 
Appendix, and need not l)e n^peated here. 

Similarly as n^gards Eye-Colour. If we analyse the 
nuuTiages betw(*en th(‘ 78 (‘oiiples whose eye-colours arc 
described in (3iapter VII 1., and compare the obsorv(‘d 
results with those calculated on the suj)[»osition that 
Eye-Colour has no iiiHueiice wliatever in marriage 
Hc'lection, till* two lists will be found to be much alike. 
Thus wh(‘re both of the jauvnts have eyes of the same 
colour, whether they be light, or hazel, or dark, the 
jiercentage results are almost identical, being 37, 3, and 
8 as observed, against 37, 2, and 7 calculated. Where 


one parent is hazel-eyed and the other dark-eyed, the 
marriages are as 5 observed against 7 calculated. But 
the rt*sults run much less well together in the other two 
possible eombiiiatious, for whore one parent is light and 
the other hazel-eyed, they give 23 observ'cd against 15 
calculated ; and where one jmrent is light and the other 
dark-eyed, tliey give 24 observed against 32 calculated. 
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The eflect of Artistic Taste on mnrringo selection is 
discussed in Chapter X., and this also is shown to ho 
small. The influence on the race of Bias in Marriage 
Selection will he. discussed in that cliaph*r. 

1 have taken nnicli trouble at ditferont times to 
det<‘rmine wliether Stature plays any sensihle j>art in 
marriage seh'Ction. I am not yet j ►re pa red to offer 
comjJeAc results, hut shall confine my n‘marks for the 
present to the jmrticular cases with which we an* now 
concerned. The shrewdest test is to j>roceed under the 
guidance of Prohlein 2, j»agf* 08. I find tlie Q of 
Stature among the male j)opulntion to he 17 inch, 
and similarlv for tin* transmuted statur(‘s of the fiunah^ 
]) 0 ]>ulation. Cons<‘(|uentIy if the men ami (transmuted) 
w<iinen married at raiahun so far iis stature was con- 
(‘crncd, the Q in a group of couph's, <‘ach coujile 
con.^isting of a pair of ftiamnnl statures, would he 
\/2 X 17 ineljcs == 2*41 imdics. Thcn fi»n‘ the Q in a 
group of wliich each element is tlie man stature of a 
cou]4e, would he half that amount, c»r 1*20 inch. This 
clo.scly coiTcsponds to what I diu'ived fnun the data 
eontaJned in the first ami in the last column hut f»m* 
of Talile 11. The word “ Mid-Parr nt,” in the headings 
to those columns, e>:]U(‘ss<*s an ideal person of comj»ositi‘ 
st^x, whose Stature is half wav h(*tween the Stature of 
the father and the* transmuteil Stature of the mother. I 
therefore conclude that marriage selecticm docs not pay 
such regard to Stature, as descr\*cH b<*ing taken into 
a(*count in the cases witli which wc are concerned. 

I tried the question in another hut ruder way, 
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dividing (sec Table 9) the male and female parents re- 
spectively into three nearly equal groups, of tall, medium, 
and short. It was imiiracticable to make them precisely 
(‘.(jual, on account of the roughness with which the 
measurements were recorded, so I framed rules that 
seemed best adapted to the case. Consequently the 
numbers of the tall and short proved to be only ap- 
j)roximately and not exactly equal, and the two together 
were only approximately (‘(|ual to the medium cases. 
'J'he fijial results were : — 32 instances where one parent 
was short and the other tall, and 27 where both were 
short or both were tall. In other words, there were 32 


castis of e-ontrast in marriage, to 27 cases of likenc^ss. 
1 do not regard this difference as of consequence, 
because the numbers are small, and because a slicrht 
chaiigti in tlm liiuitiug values assigned to shortness and 
tallness, woidd have a sensible eli'ect upon the result. 
I am therefore eontent to ignore it, and to regard the 
Statures of married folk just as if their choice, in mar- 
riage had been wholly iude}»einlent of stature. The 


importance of this su]>position in facilitating csdculatiou 
will be appreciated as we proceed. 


siw of Unlike Parents . — We will next discuss the 
ipiestiou whether the Statm’c of the is.sue of unlike 
pjirents betrays any notable evidence of their unlikene.ss, 
or whether the }»eeuliarities of the children do not rather 
dejH'ud on the arerage of two vsdues ; one the Stature 
of the father, and the other the transmuted Stature 
of the mother; in other words, on the Stature of 
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that ideal personage to whom we have already been 
introduced under the name of a Mid-Parent. Stature 
has already been spoken of as a well-marked instance 
of the heritages that blend freely in the course of 
heredit^iry transmission. It now becomes necessary to 
substantiate the statement, becjiuse it is j^roposcd to 
trace the relationship between the Jlid-Pareiit and the 
Son. It would not be possible to discuss the relationship 
between cither j>arent singl)% and the son, in a trust- 
worthy way, without the hcl]) of a much larger number 
of oliservations than are now at my disposal. They 
ought to ])(^ nuincri»us enough togiv(^ gf)Oc] assurance that 


the cases of tall and slant, among the unknown ])are]its, 
shall neutralise* one anolluT ; otluTwisc the uncertainty 
of the staturi^ of tin* unknown parent would mak(* the* re- 
sults uncertain to a s(*rious degree. 1 am heartily glad 
that I shall be able fully to justify the mithod of deal- 
ing with Mid-Parentages instead of with single IWents. 

The evidence is as follows : — If the Stature of children 
d(*pends only upon the avenuje Stature of their two 
Parents, that of the motli(*r having Ixhui first trans- 
muted, it will mak(* no diiference in a Fratt*rnity whether 
one of the Parents was tall and the otluT short, or 
whether they were alike in Stature. Put if some, children 
resemble one Panmt in Stature and others resemble the 
other, the Fraternity will lie more diverse wh(*n th<^ir 
Parents had diflered in Stature than when they were 
alike. We easily acquaint ourselves with the fact« by 
si*parating a considerable number of Fraternities into 
two contrasted groups : (o) those who ai’c the l)rogeny 
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of Like Parents ; (h) those who are the progeny of 
Unlike Parents. Next we write the statures of the 
individuals in each Fraternity under the form of 
M + (±U) (see ])age 51), where M is the mean stature 
of the FraUaiiity, and I) is the deviation of any one of 
its meml)ers from M. Then we marshal all the values 
of I) that belong to the group a, into one Scheme of 
deviations, and all those that l)elong to the group h 
into anoth(u* Scheme, and we find the Q of each. If it 
should 1)(‘. the same, then there is no greater diversity 
in the a Grouj) than there is in the h Group, and such 
ja*oves to l)e tin* case. I appli(‘d the test (see Table 10) 
to a total of 5i25 children, and found that thev were no 
inoi’c diverse in tlio one case than in ilio other. I 
tluTeforc conclude, that we have only to look to the 
Stature, of the ]\lid-Pun*nt, and n(‘ed not care whether 
the Parents are or are not unlike one another. 


The advantages of Stature as a subj(‘ct fi’om which the 
simple laws of heredity may be studied, will now be 
well appreciated. It is m*arly constant in the same 
adult, it is frcHjuently nnuisured and riH*ordi‘d ; its dis- 
cussion need not be entangled with c^onsiderations of 


marriage stdet*tion. 


It is sufficient to considiu* the Stature 


of tin* Mid-Par(*nt and not those of the two Parents 


sejmniti'ly. Its variability is Normal, so that mu(*h use 
may be made of the eurious properties of the law of 
Frei|uency of Error in cross-testing the several con- 
clusions, and I mav add that in all cases they have 
borne the test suecessfullv. 



VII.] DISCUSSION OF THE DATA OF STATURK 91 

The only drawback to the use of Stature in statistical 
inquiries, is its small variability, one half of the popula- 
tion differing less than 1 *7 inch from the average of all 
of them. In other words, its Q is only 1 *7 inch. 


of the Tables of Stature. — I have arranged 
and discussed my materials in a great variety of ways, to 
guard against ]*ash conclusions, but do not tliink it 
necessary to trouble the reader with more than a few 
Tables, which afford sufficient material to determine 
the more important constants in the formula) that will 
1)0 used. 

Table 11, R.F.F., refers to tlie relation between the 
Jlid-Pareiit and his (or should we say its?) Sons and 
Transniuted Daughters, and it ri'cords the Statures of 
9:28 adult offs])ring of :205 Mhl-Parents. It shows the 
distribution of Stature among the Sons of each succes- 
sive group of iMid-Pan'iits, in which the hitter arc all 
of the same Stature, r(*ckouiiig to the nearest inch. I 
have calculated the M of each line, c-hiefly by drawing 
Schem(*s from the entries in it. Th(‘ir valu(‘s are j)i*inte<l 
at the (‘lids of tin; lines and they form the right-hand 
column of the Table. 

Tabh\s 12 and 13 refer to the r(*]ation between Brothers. 
The one is derived from the R.F.F. and the other from 


the S|x^cial data. They both deal with small or moder- 
ately sized Fraternities, excluding the larger ones for 
reasons that will be explained directly, but the R.F.F. 
Table is the least restricted in this respect, as it only 
excludes families of G brothers and upwards. The data 
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were so few in number that I could not well aflford to lop 
off more. Tlujse Tallies were constructed by registering 
the differences l)etween each possible pair of brothers in 
(?ach family : tlius if there were tliree brothers, A, B, 
and in a parti(ndar family, I entered the differences 
of stature between A and B, A and C, and B and C., 
four In’othors gave risc^. to 6 imtries, and five brothers to 
1 0 entries. Th(‘ larger Fraternities were omitted, as the 
very larg<j number of different pairs in them would 
ha VI? oviTwhelmed the infiuence of tlie smaller Frater- 
nitj(?s. Lai*ge Fraternities are separately dealt with in 
Table 14. 

W(‘ ean derive some of the constants by more than 
one method ; and it is gratifying to find how well the 
ivsults of diflereut mt‘tliods confirm one another. 


Mid-Stafurc of (he Population , — The Median, Mid- 
Statun*, or M (»f thi* general Population is a value of 
primary imj»ortaue(* in this imjuiry. Its value will be 
always <lesigiiated by the sym])ol P, and it may be 
deduced from the luUtom lines of an}’ one of the tliroe 
'rabli‘s. I ol)tain from them res]>eetivt»ly the values 
iiS'5, G8'4, but the middle of these, which is 
jiriuted in italics, is a smoothed result. It is one of the 
only two smootluHl values in the whole of my work, and 
was justifiably corrected, beeausi? tlie observed values 
that hajtpen to lie nearest to the Grade of 50° nxn out of 
harmony with the rest of the curve. It is therefore 
reasonable to consider its discrepancy as fortuitous, 
although it amounts to more than 0*15 inch. The 
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series in question refers to R.F.F. brothers, who, o^sing 
to the principle on which the Table is constructed, are 
only a comi)arativel 5 ^ small sample taken out of the 
R.F.F. Population, and on a principle tliat gave greater 
weight to a few large families than to all the rest. 
Therefore it could not be expected to give rise to so 
regular a Scheme for the general R.F.F. Population 
as Table 11, which was fairly based upon the whole 
of it. Less accuracy was uiidoul)tedly to have boon 
expected in tliis group than in either of the others. 

Variahditi) of the Populcition, — Tlie value of Q in 
tlie Statures of the general Po])ulation is to 1)0 diMluced 
from the 1)ottom lines of any one of tlie Tabl(»s 11, 12, 
and 13. The thn'c values of it that I so obtain, are 
1*65, 17, and 17 inch. I should mention that the 
method of the treatment originally adopted, ha])])en(Ml 
also to make the first of these values 17 inch, so T have 
no hesitation in accepting 17 as the value for all my 
data. 


Varlahilitij of Mid-Parents. — The valu^^ of Q in a 
Scheme drawn from the Statures of the R.F.F. Mi.l- 
Parents according to the data in Ta1»l(! 11, in 119 
iuclies. Now it has already been shown that if marriage 
selection is independent of stature, the vahie of Q in tlic 
Scheme of Mid-parental Statures would he eijual to it-s 
value in that of the general Populathm (whicii we hav<i 
just seen to be 17 inch), di^ded liy the stjuare root of 
2; that is by 1‘45. This calculation makes it to lie 
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r21 inch, which agrees excellently with the observed 
value.' 


Variability in Co- Fraternities . — As all the Adult 
Sons and TransmutcHl Daughters of the same Mid- 
Par(*nt, form what is called a Fraternity, so all the Adult 
Sons and Transmuted Daughters of a groiq) of Mid- 
Fanmts who have the same Stature (reckoned to the 
iK'arest inch) will be tiirmed a Co-Fraternity. Each 
line in Table 1 1 refers to a separate Co-Fraternity and 
<'Xpresses the distribution of Stjiture among them. 
Tli<‘re are three rt*asous why ( 'O-Fraternals should be 
inon^ diverse^ among themselves than l>rothers. First, 
l»e(raus(* their IMid-Panuits are not of identical heught, 
but may ditfer (‘V(‘n as mueli as one inch. Seeondlv, 
l»e(*aus(^ tludr grand] »arents, great-grand])arents, and so 
on ind(‘finitely luiekwards, may have differed videly. 
Thirdly, beeaust* tin? nurture or rearing of Co-Fraternals 
is more various than that of Fraternals. The brothers 
in a Frat(*rnity (»f townsfolk do not seem to differ more 
among tluunselves than thosi* in a Fraternity of country- 
folk, but a mixture of Fraternities derived indiscrimi- 
nately from the two souixm's, must sliow greater diversity 
than either of them taken by themselves. The larffc 
diflerences bt^tween town and country-folk, an<l those 
between persons of different social classes, are con- 
sj>icuou8 in the dabi conhiined in the Reiport of the 


’ In nil injr values referring to liuman stature, the second decimal is 
rudely approximate. I am obliged to use it, because if 1 worked only to 
tenths of uu inch, sensible erron might creep in entirely owing to arith- 
metical operations. 
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Anthropological Committee to the British Association 
in 1880, and published in its Journal. 

I concluded after carefully studying the chart upon 
which each of the individual obsc'rvatioiis from which 
Table 11 was constructed, had been entered sej)aratcly 
in their appropriate places, and not clubbed into groujis 
as in the Taldes, that the value of Q in each Co- 
Fratenial group was roughly the same, whatever tludr 
Mid-Parental value might have been. It was not ijuite 
the same, being a trifle largcT when llie Alid-Parents 
were tall than when they were short. This justifies 
what will l)e saM in Ajipcunlix E alM»iit tin* (Jeonii‘<ri(* 
Mean; it also jiistifi(*s neglect in lh(‘ |>res('nt iu<|uiry of 
the method fiunded u]»on it, lieeause the iinja’oveini'nt 
in the results to which it lumht lead, would lx* itisicniifi- 
cant, while its use would hav(* addtxl to the difliculty 
of exj»laiiation, and inlr<Mluccd (‘xtra trouble through- 
out, to tlie ri’ader more tlian to nuself. Tlui valu(‘ that 
1 adojit for Q in every Co-Fraternal group, is r5 iin-h. 


— a. Filial : IIowev(*r ]»aradoxi<‘al it may 
appcjir at first sight, it is th<*oretieally a necessary fact, 
and one that is clearly confiiTin^d by (observation, that 
the Stature of tli(3 adult offspring must on the, wlnoh*-, 
be more mediocre than tin? stature of their Panuits ; 


that is to say, more near to th(5 M f>f th(3 g(»n(.*ral 
Pojmlation. Table 11 enables us to compare the 
values of the M in different Co-FratermJ groups 
with the Statures of their r(‘speetivc Mid-Parents. 
Fig. 10 is a graphical representation of the meaning of 
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the Tahlo HO fur as it now concerns us. The horizontal 
dotted lines and th(j graduations at their sides, cor- 
respond to tlic similarly placed lines of figures and 
graduations in Tal)l(i 11. The dot on each line shows 
the point where its M falls. The value of its M is to 
he read on the graduations along the top, and is the 
same as that which is given in the last column of 
Table 11. It will he ]»erceived that the line drawn 


FIG. 10. 



through the centres of the dots, admits of being inter- 
j»r(‘ted by the straight line C 1), with but a small 
amount of give and take ; and the. fairness of this 
int(Tpretation is confirmed by a study of tlie MS. chart 
above mentioiu'd, in whicli tln‘ individual ob.scr\"ations 
W(»re jdotted in their right places. 

Now if we draw a line AB through every point where 
the graduations along the top of Fig. 10, are the sjime 
as tlu>s<' along the side.s, the line will be stroiglit and 
will run diagonally. It represents what the Mid- 
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Statures of the Sons would be, if they were on tlie 
average identieal with those of their id- Parents. 
Most obviously A B does not agrei‘ with C D ; therefore 
Sons do not, on the average, rt*seuible tladr Mid- 
Parents. On examining these lines more elos<‘ ly, it 
will be observed that A B eiits tM) at a }>oint M that 
fairiy eorresponds to the value of 08^ iin hes, wlietlier 
its value be read on the scale at the top or on that at 
the side. This is the value of P, the Mid-Stature of 
the population. Therefor* it is only when the Parents 
are medioen*, that their Sons on the average re.s<‘inl»le 
them. 

Next draw a vertical line, E M F, through M, and 
let EC A be any horizontal line ( iitting ME at K, M(’ 
at E. and MA at A. Then it is obvious that the ratio of 
EA to EO is constant, whatever may bo tin* ]>osition of 
E('A. This is truv* whether Ef- A be ilrawn above or 
like F I) B, below M. In other words, the pro[»orliori 
between the Mid-Filial and tin* Mid-Parental deviation 
is constant, whatever the Mid-Parental stature may la*. 
1 reckon this ratio to be as 2 to 3 : that is to say, tiic 
Filial deWation from P is on the average only two- 
thirds as wide as the Mid-Par(*ntal Deviation. I call 
this ratio of 2 to 3 the ratio of “ Filial R<*grcssion.” Jt 
is the proportion in which the Bon is, on the av<?rag(% 
less exceptional than his Mid-Parent. 

My fii'st estimate of the average pro]»ortion betwe(*n 
the Mid-Filial and the Mid-l^MreIltal deviations, was 
made from a study of the MB, chart, and I then 
ivckoned it iis 3 to 5. The valu(‘ giv(*n above was 

H 
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aftorwardfl HuLfttitiitod, bocause the data seemed to 
admit of tliat int^^r|)^etation also, in which case the 
fraction of two- thirds was preferable as being the more 
Himj»Ie (ixpn‘ssif)n. I am now inclined to think the 
latter mav l>e a trifle too small, but it is not worth 
while to make alterations until a new, larger, and more 
ae(mrat(*- s(‘rie,s of observations can 1)0 discussed, and the 
whole work revised. The j^resent doubt only ranges 
betwcMui nine-fifti‘eiiths in the fost case and ten- 
fifteenths in the seeond. 


This valiK* of two-thirds will tluTcfore be a(*-(;epted as 
the amount of Uegression, on the av(^rage of many 
eas(‘s, from the Mid-I^inmtal to the Mid-Filial stature, 
whatever tiu* Mid-Panuital stature may lu*. 


As the tw<» Panuits contribute equally, the contribu- 
tion of (‘ith(M’ of them can b(‘ only one half of that 
of tlu» two jointly ; in other words, only one half of that 
of the Mid- Parent. 1 h(‘refore the average Regression 
from the l^ir<*ntal to the Mid-Filial Stature must be the 
one halt of two-thinls, or one-third. I am unable to 
test this (‘onebision in a satisfactory manner by direct 
(disiTviilioti. '['lie «lata art’ bart'ly numerous «‘nou<rh for 
(loalinu: ovi'ii with (juostions r«‘fi‘iTinj» to ]Miil-J’ar(>ntagos ; 
tlii-y arc (juitc insuflicicnt totlealwith those that involve 
tlic additional large uncertainty intmduced owing to an 
ignoranee of the Stature of one of the j»areuts. I have 
entered the Uni-Parental and the Filial data on a 
MS. chart, each in its ap|>ro|>riate place, hiit they are 
too .s«*attered and irregular to make it useful to give 
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tlio n'sults ill detail. They seem to show a degression 
of about two-tifths, whieh ditfers from that of one-third 
in the ratio of G to 5. This direet observation is so 
iufi'iior in value to the infernal rt‘suh, that I disregard 
it, and am satisfied to adi>])t tlu‘ valut» givi^n l»y the 
latter, that is to say, of one- third, to exprt»ss the 
av(‘raire llegiv.ssion from eitluT cd* tin* Parents t<» tin* 
Son. 


h, Mid-Pnrrnfo/ : Tln‘eonverse r(‘lation to that whieh 
we have just dis<*ussed, namely tin* relation between 
the unknown statiin* <»f tin* Mid-Par(‘nl and tin* known 
Stature of tin* Son, is ex))n\ssed by a fraetion that is 
very far from being the ef»nv(*rse of two- thirds. Though 
the Son deviates on tin* average fr<»in P only t\ as 
widely as Ids Mid-)»aren<. it does not in tin* least follow 
that the .Mi<bj»arent sliould deviate on tin* avi nige. from 
P, ij or l.\, as wid<*ly as the Son, The Alid-Parent is 
ind likely to be nion* (*.\cej»tional than the son, but 
quite the <*ontrary. The number of individuals who 
are in*arly medi(»c*re is so ]>repoinh*rant, that an ex- 
eejUioiial man is more frequently foiin«l to be* the 
exeejitional son of niedio<*re parents than tin* av(*rage 
son of very exeej»tionid ]»arents. This is clearly shown 
by Tabh* 1 1 , where the very same observations whieh give 
the average value of Filial Uegr(*s.sion when it is read 
in one way, gives that (»f the Alitl-Parental llegressifui 
when it is read in another wav, nannlvdown tin* vertical 
eidumns, instead of along the hori/.(»ntal lines. It tlieii 
sln>ws that the Mid-I*an*nt of a man <leviates on the 
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average from P, only one-third as much as the man 
hims(5lf. This value of J is four and a half times 
smaller than the numerical converse of f , since 4^, or 
being multijdied into J, is equal to 


c. Parental: As a Mid-Parenfcd deviation is equal 
U) one-ludf of the two Parental deviations, it follows 
tliiit tlio Mid-Parcntiil Regression must be equal to 
one-half of the sum of the two Parental Regressions. 
As the. latter are e(|ual to one. another it follows that 
all three, must have tin*, same value. In other wwds, 


tlie average Mid- Parental Regression being the 
avt‘rage, PaniUtal R *giv.s.sioii must be also. 

As tluu’<‘ was luueh a]>pe.araue.e of ]>aradox in the 
a1>ove strongly <*.ontrasted results, 1 looked carefully 
into the run of the figures in Table 11. They were 


di’diu'ed, as already siiid, from a MS. 


cliai’t on which 


the stature (»f every Son and the transmuted Stature of 


every l)aughti*r is entered ojiposite to that of the Mid- 
Parent, the transmuted Statures being reckoned to the 
iiear(*st tt‘nth of an ineli, and the ]»osition of the other 
entries 1»eing in every respect exactly as they were 
reeonled. Tlitui the number of (‘iitries in eacli square 
inch W(‘re (*ounted, and ci>pied in the ft>rm in which 
th(‘y ap[M‘ar in tin? Table. I found it hard at first 
to catch the full significance of the entries, though 1 
soon discoveri'd curious and apparently very interesting 
relations between them. Thes<? came out distinctly 
after I laid ‘‘smoothed” the entries l>v writing at 
caeh intersei'tion In'twinm a horizontal line and a ver- 
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tical one, the sum of the entries in the four aiijacent 
Siiuares. I then noticed (sec Fig. 11) that lines drawn 
through entries of the same value foimed a s(‘ri('a of 
concentric and similar ellipses. Their common c(»ntre 
lay at the intersection of those vertical and horizontal 
lines which coiTes])oud to the value of GS} in(*ht*s, as 
read on hoth the top and on the side seales. Their 
axes were similarly inclined. The jMiints when' each 
successive ellij)se was touched hy a horizontal tangent, 
lay in a straight line that was inclined to the veiiical in 


FIG . 11 . 



the ratio of 5, and those where the ellijises were touched 
hy a vertical tangent, lay in u straight line inclined 
the horizontal in the ratio of J. It will he obvious 
on studying Fig. 11 that the point where each suc- 
cessive horizontal line touches an ellipse is the point 
at which the greatest value in the line will lie found. 
The siime is true in respect to the successive vertical lines. 
Therefore these ratios confinn the values of the Ratios 
of Regression, already obtained hy a difffTent method, 
namely those of J from Mid-Parent to Son, and of 
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1 from Son to Micl-Pai-ont, These and other re- 
•1 

lations were eviil<nitly a subject for mathematical 
analvsis and veiifn-ation. It seemed clear to me that 
tlicy iill on lliive clenK^ntary measures, sup- 

jio.sino tin* law of Fr(*(|ueiiey of Error to l)c applicable 
tlirouj^liout ; namely (l) the value of Q in the General 
i\Huilation, whieli was found to lie 1*7 inch; (2) the 
value of Q in any fV)-Fraternity, which was found to be 
1*5 inch; (ll) tlie Average Ib'gression of the Stature of 
tlu‘ Son from that of llu' Mid-Farent, which was found 
to l)e I wrote down tliese values, and plirasing the 
jiroUrm in abstiacl terms, distmtangled from all refer- 
(‘nc(; to her<‘(litv, sulmiitted it to Mr. J. D. Hamilton 


Dittkson, Tutor of St. IVters (college, (Cambridge (see 
Appendix II). 1 asked him kindly to investigate for 
nu^ tlu^ Surface of Fr(‘(ju(*ney of Error that would result 
from these thr(*e data, and the various sha]K*s and other 
particulars of its si‘(*tious that were made by horizontal 
jdaiies, inasimu-h as they ought to form the ellipses of 
wliicli 1 sp(»ke. 

The problnii may not Ik* dittit'ult to an accomj)lish(‘d 
inatlieniatioian. but 1 <ertaiidv ne\er felt such a irlow 
of loyalty and respect towards the sov«Teignty and wide 
swav of mathematical analvsisas when his answer arrived, 
confirming, by purely matliematifail reasoning, my vari- 
ous and laborious statistical conclusi<»ns with far more 


minuteuess than I lunl dared to hojK*, l>t*cause the data 
ran somewhat roughlv, and I had to smooth them with 

tender caution. His calculatiim corrected mv obsened 

* 

value of Mitl-Paivntal Kegression from J to the 
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relation between the major and minor axis of the 
ellijises was changed 3 per cent. ; and their inclination 
to one another was changed less than 2^’ 

It is obvious from this close accord of calculation 
with observation, that the law of Error holds through- 
out w’ith sufficient pivcision to be of ival service, and 
that the various results of my statistics are not 
casual and disconnected determinations, but strictly 
interdependent. 


I trust it will have become, (dear even t(» tlie most 
non-mathematieal reader, that the law of Regression 
in Stature refers primarily to Deviations, that is, to 
measurements made from the leirl of incdiocrity to the 

* The following is a more dutailtnl comparison between tlio calculated 
and the observed results. The latter are enclosed in brackels. The letlern 
refer to Fig. 11: -- 
Given — 

The “ rr<»bable Error ”nf each sysUun of M id- Parentages = 1*22 
inch. (Thi.s was an earlier determination of its value ; us already said, 
the second decimal ist4i be considered only ns approximate.) 

Ratio of mean filial regression = ]. 

“ Prob. Error” of each Co-Fnilcmity 1 '50 inch. 

Sections of surface of frefiueiicy jmrallel to XV are true 
(Obs. — Apparently true ellipses.) 

MX : VO = 6 : 17*5, or nearly 1 : 3. 

(Obs.— 1 :3.} 

Major axes to minor axes = V • V 2 = 10 : 5'35. 

(Obs.- 10: 51.) 

Inclination of major axes to OX - 2(r 30'. 

(Obs. 25 \) 

Section of surface parallel to XZ is a true Curve of Frequency. 

(Obs. — Apparently wj.) 

“Pmb. EiTfir”, the Q of that curve, *= 1.07 incli. 

(Obs.— 1*(X>, or a little mure.) 
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crown of tho head, upwards or downwards as the case 
may be, and not from the ground to the crown of the 
head. (In tlio population with which I am now dealing, 
the of mediocrity is 68 J inches (without shoes).) 
"I'he law of Regression in respect to Stature may be 
phrased as follows; namely, that the Deviation of the 
Sons from V arc, on the average, equal to one- third of 
tlie d('.viation of tlie Parent from P, and in the same 
dii ’cctiou. Or more 1 briefly still: — If P + (zfc D) be the 
Stature of the Parent, the Stature of the offspring will 
on l h(^ average, be P -f (db ^ D). 

If this remarkablt! law of Regression had been based 
only on those exiMuiinents with Sethis, in which I first 
ol)servi*(l it, it might wc^ll be distrusted until otherwise 
confirmed. If it had bt^en corroborated by a compara- 
tively small number of oliservations on human stature, 
some? h(\sitation might be exj)ectcd before its truth could 
be n*cognised in <»pposition to tln^ current belief that the 
child tends to r(‘Siunble its parents. But more can l)e 
urged than tliis. It is easily to be shown that we ought 
to ex]>e<‘t Filial Regn*ssion, and that it ought to amount 
to some constant fractional part of the value of the Mid- 
]\irental deviatiiUi. .\ll of this will be made clear in a 
subseejuent .section, wln*n we shall discuss the cause of 
the <*urious statistical constancy in successive genemtions 
of a large population. In the meantime, two different 
ri’asiuis may In* givtui for the oecurren(*e of Rt'givssion ; 

the one is iH>nm‘cted with our notions of stability of 

• 

type, and of which no more need now bo said ; the 
other is as follows : — The child inherits ]>artly from his 
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parents, partly from Lis ancestry. In every population 
that intermarries freely, when the genealogy of any man 
is traced far hackvrards, his ancestry will be found to 
consist of such varied elements that they are indistin- 
guishable from a samjJe taken at haphazard from the 
general Population. The Mid-Stature M of the remote 
ancestry of such a man will become identical willi P; 
in otlier words, it will bo mediocre. To put the same 
conclusion into jinothcr foiiii, the most probalJe value 
of the Deviation from P, of his Mid- Ancestors in any 
remote generation, is zero. 

For tlie moment let us confine our attention to some 
one gcnei’ation in tlie remote an(H\stry on the one hand, 
and to the Mid-Pan‘nt on tlie otln^, and ignore all 
t»th(T gi nerations. The combination of the zero Devia- 
tion t»f the with the ol)S<*rved Diwiation of the other 
is the coinl»ination of nothing with something. Its 
(•ff(H*t reseinblt's that of jiouring a measure of water 
into a vcss(*l of wine. The wine is diluti^d to a con- 
stant fraction of its alcoholic str(‘ngth, whatever that 
stren^j^th may have lieen. 

Similarly with r(‘gard to every other generation. 
The Mid-Deviation in any near generation of the 
aiicesiors will have a value intermediate betwei^n tliat 
of the zero Deviation of the remote ancestry, an<l of the 
observed Deviation of the Mid-Parent. Its combination 


with the ilid-Parental Deviation will be as if a mixtunj 
of wine and water in some definite projiortion, and not 
pure water, had been poured into the wine. The proc(‘88 
throughout is one of proportionate dilutions, and the 
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joint effect of all of them is to weaken the original 
alcoholic streiigth in a constant ratio. 


T\\r law of R<*gr(*ssi()n tells heavily against the full 
hcre(litary transmission of any gift. Only a few out of 
many chiMreii would ho likely to differ from mediocrity 
so widi^ly as th(‘ir Mid-Parent, and stUl fewer would 
dilh'r as wulely as the more, exceptional of the two 
Panuds. Tin*, more hountifully the Parent is gifted 
l)y nature, llu* more rare will he his good fortune 
if he heg(‘ts a scm who is as richly endowed as himself, 
and still iiion* so if Ik*, has a son who is endowed yet 
more large*!}'. Hut tlu*. law is even-handed ; it levies an 
e*<]Ufil succession-tax on the*, transmission of hadness as of 
goodness. If it diserourages the extravagant hoi)C8 of a 
gifted parent that his children will inherit all his powers ; 
it no l(*ss dis(*f)unt(‘uanc(^s extravagant fears that they 
M'ill inherit all his W(*akncss and disease. 

It must he eh'arly undi*rstood that there is nothing in 
tlu‘S(* statt*ments to invalidate tin* sjeneral doctrine that 

o 


the children of a gifted pair are much more likely to he 
gifti'd than tlie <*hildr(*n of a m(*dio(Te j)air. They 
mert*ly express tlu* fact that tlu* ablest of all the 
eliildn*!! i»f a few gifted j»aii's is not likely to be as 
giftiul as the al»lest of all the children of a very great 
many mediocre pairs. 

Tlie eonstaiicv of the ratio of Roijression, whatever 
may he the amount of the Mid-Parental Deviation, is 
now seen to he a reasonable law which might have been 
foreseen. It is so simple in its relations that I hav« 
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contTivccl more than one fonn of appjiratus by which 

the pro])ablc stature of the chiklren of known parents 

can 1)0 mechanically reckoned. Fig. 12 is a representation 

of one of them, that is worked with lailleys and weiglits. 

A, B, and C are three thin \vheels with grooves round 

their edges. They are screwed 

togetlicr so as to fomi a single 

})icce that turns easily on its 

axis. Tlic weiglits M and F are 

attached to either (‘iid of a thread 

that j)asses over the inoval)le 

)»ulley D. l'h(* jaille y itself hangs 

from a thread which is wrajipetl 

two or thre(*, times round the 

groov(‘ of B and is then s(‘cun*d 

to the wh(*el. I'he wtduht »S1) 

hangs from a thread that is 

wraj»])ed two or thn*e times round 

the groove of A, and is then 

s«*ciiivd tr) the wheel. The dia- 

met**!- of A is to that of B as 2 

to Lastly, a thr<*ad is wraj»p<*<l 

in th(* oj)]»osite direction round 

the wheel C, whhdi may have 

« * 

any convenient diameter, and is 

attached to a counteq>oise. M ref<-i*s to the male statures, 
h to the female ones, 8 to the Sons, 1) to the Daughters. 

The sirale of Female Statures diffei-s from that of the 


FIG .12. 



ilales, each Female height being laid down in the 


j»osition which would 1)0 occupiril by its male 


ccpiivalcut. 
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Thus 5G in writUin in the position of 60*48 inches, which 
is equal to 56 x 1*08. Similarly, 60 is ^Titten in the 
j»osition of 64*80, which is equal to 60 x 1*08. 

It is ol)vious that raising M will cause F to fall, and 
vice versd, without affecting the wheel AB, and there- 
fore without affecting SD ; that is to say, the Parental 
l)iffe^m(*(^H may lie varied indefinitely without affecting 
llu‘. Stature of the children, so long as the Mid-Parental 
Stature, is unchanged. But if the Mid-Parental Stature 
is changed to any specified amount, then that of SD 
will he chang<*(l to of that amount. 

Thi^ w(‘ights M and F have to ho set opj>osite to the 
heights of the mother and father on their res]>(*ctivc 
seal(‘s ; then the weight SD will show the most j>rohal)le 
h(‘iglits of a Son and of a Daughter on the com*s]>onding 
seahss. In ev(‘ry one of these cases, it is the fiducial 
mark in the middle of (‘ach wemlit hv whicli the n‘adiiig 
is t(» he made. But, in addition to this, tlie length of 
the weight SD is so arranged that it is an e(pial chance 
(an evtui het) that tin* height of each Son or each 
Daughter will lie within the range dt*fined l)y the uiij)er 
ainl IoW(*r edge of the weight, on their resjjcctivt* scales, 
'fhe length of SD is 3 inches, which is twice the Q of 
the C\>-Fraternity ; that is, 2 x 1*50 inch. 

(/. Fraternal: In s(»eking for the value of Fraternal 
llegression, it is better to confine oui*selves to the 
Spt‘cial data given in Table 13, a.s they are mindi 
nnuv trust worthv than the K.F.F. data in Tahh‘ 12. 
By tivating them in the way shown in Fig. 13, which 
is constru(*ted on the same principle as Fig. 10. page 96, 
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I obtained the value for Fraternal Regression of 5 ; 
that is to say, the unknown brother of a knowui man is 
probaldy only two-thirds as exceptional in Stature as 
he is. This is the same value as that obtained for the 
Regression from Mid-Parent to Son. However jjara- 
doxieal the fact may seem at first, of there being such 
a thing as Fraternal Regression, a little reflection will 
show its reasonableness, wdiich will become much clearer 
later on. In the meantime, we may recollect that the 

FlOr .13. 


FRATERNAL REGRESSION 



unknown l)n»ther has two difl’crent t(*ndoncit*s, the one 
to rcseni1»h* the known man, and the (»ther to rcsemlile 
liis race. The <»uo tcndiuicy is t(> d(*viate from P as 
much a.s his brother, and tin* other teinlency is not 
to deviat<* at all. The result is a compromi.se. 

As the average Regression from (‘ither Parent to the 
Son is twic<» as great as that from a man to his Brother, 
a man i.s, generally sp(.*aking, only half as nearly relatcrd 
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to either of his Parents as he is to his Brother. In 
other words, the Punnital kinship is only half as close 
lus the Fratcfrnal. 

We have now wien that there is Regression from. the 
Parent to his Son, from the Son to his Parent, and from 
the Brother to his Brother. As thes<‘ {u*c the only three 
pf)ssihle liiu‘.s of kinship, namely, di‘seen(ling, ascending, 
and collateral, it must 1 k‘ a universal rule that the un- 
known Kinsman, in any degree, t»f a known Man, is on 
the averag(‘ mon* mediocre than he. L(*t PdbD he the 
stature <»f tin; known man, and Pdbl/ the stature of his 
as yet unknown kinsman, then it is safe* to wager, in 
th(i ahsenee of idi other knowledge, that D' is less 
than 1). 


StjuaJron of — It is an axiom of statistics, 

us 1 need hardly rejM*at, that every large sample taken 
at random out of any still largi*r groU]>, may he con- 
sidered as identical in its conij)osition, in such iiujuiries 
as these in whi< h wo are now tuigaged, where minute 
aceiiraey is not desirc<l and where highly exceptional 
eases an* not regarded. Suj>j>os(* our larger group to 
consist of a million, that is of lOOOx 1000 statun‘s, and 


that we had divided it at random intt> 1000 siimjJes 
each containing 1000 statures, ajul made Schemes of 
each of them. The 1000 Schemes would he practically 
identical, and we might marshal them one behind the 
oth(*r in successivt* ranks, and thereby fonu a “ Sipiad- 
ron,” lunnlu'ring 1000 statures each way, and stamling 
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upon a square base. Our Squadron may be divided 
either into 1000 ranks or into 1000 files. The ranks 
will form a series of 1000 identical Schemes, the files 
will form a series of 1000 rectangles, that are of the 
same breadth, but of dissimilar heights. (See Fig. 14.) 

It is easy by this illustration to give a general idea, 
to be developed as we proceed, of the way in which any 
large sample. A, of a Population gives rise to a group 
of Kinsmen, Z, so distant as to retain no family likeness 



to A, but to bo statist i<-nlly uudistinguislialile from lie* 
Pojuilatioii generally, as reganls tla* distiil)iition of llieir 
statures. In tliis easi* the samjiles A and Z woiil<l fi»nn 
similar Scliemrs. I must sujipose provisional! v, fi»r the 


of easily amving at an a]»proxiinate theory, 
that tall, short, and mediocre I^irents contribute e<|ually 
to the next generation though this may not strictly 
be the case.’ 


* OUdly cnougli, lli- ronj»]«; on my lini have the fuuiiiy, 

y, Hixtevn chiMrvn of whom iourlevn wen- 
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Tlirow A into the form of a Squadron and not of a 
Scheme, and let U8 begin by confining our attention 
to the men who form any two of the rectangular files 
of A, that we })leaHC to select. Then let us trace 
their connections with their respective Kinsmen in Z. 
As the number of the Z Kinsmen to each of the A files 


is considered to be the same, and as their respective 
Stature-Schemes are supjwised to be identical Avith tliat 
of the geiKiral Pojmlation, it follows that the two Schemes 
in Z derived from the two dilfenuit n^ctangular files in 
A, will lie i<lenti(ral with one another. Every other 
rectangular file in A will be similarly nqiresented by 
another id<mti(?al Scheme in Z. Thertdbrc the 1,000 


<litr(U’ent rectangular files in A will produce 1,000 iden- 
tical S(*henH*H in Z, aiTangod as in Fig. 14. 

Though all the Schemes in Z, contain tluj same 
number of m(*asures, each will contain many more 
measures than were eontaiiKnl in the filers of A, because 


the Siime kinsmen would usually be counted many 
times over. Thus a man may be counted as uncle to 
many mqihews, and as nephew to many uncles. We 
will therefore (though it is hardly nt'cessfiry to do so) 
suppose each of the fih*s in Z to hav(^ been constructed 
from only a sample consisting of 1,000 iH‘rsons, taken at 
random out of the more numerous measures to whicdi it 


rt'fers. By tins treatment Z becomes an exact Sejuadron, 
consisting of 1,000 elements, both in nink and in file, 
a!ul it is identical with A in its constitution, though 
not in its attitude. The ntnks of Z, which are Schemes, 
have lieen derived from the files of A, which are roct- 
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angles, tlier(*fore the two Stjuadroiis must staiul at right 
angles to one another, as in I'ig. 14. I'he upjier surlaee 
of A is curved in rank, and horizontal in file ; that of 
Z is c’urved in file and horizontid in rank. 


The Kinsmen in iieanu* detjrees than Z will he re- 
juvsented hy 8quadri>ns whose fi>rms are interineiliate 
hehveon A and Z. Front views of these are shown in 


o 

-# 


FIG .15. 



Fig. 15. ('onst*<|uently they will ]m» simiewhat curved 
both in rank and in file. Also as tin* Kinsmen of all 


the memhers of a Pojmlaticm, in any degree, are. them- 
selves a Pojiulation having similar eharacteristies lo 
those of the Pojnilatiou of whieli tliey an* j>art, it 
follows that tlie elements of every internie<liat(* Sijuadron 
when they are broken uj> and .sorted afresh into ordinary 
Seheme.s, w’ould form identical Schenu*.s. Therefore, it 
is clear that a law* exists that connect.s the curvatures in 


rank and in file, of any Squadron. Both of the cur- 
vatures are Cur\’e« of Distribution ; let us call their 
Q values respectively r and J*, Then if p be the Q of 

I 
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the general Po]mlation, we arrive at a general equation 
tliat irt true for all (h^ffreoK of Kinship ; namely — 

w 

but r, the (uirvatiire in rank, is a regressed value of p, 
and may be written ivp, w being the value of the 
UegHNSsioii. Theivfore the. above ecpiation may be put 
in the form of 

o o 

w~ jr 

in whieli f is tln^ Q of the (Vkinsmen in the given 
d(?gree. 

It will lie fdiind tliat the intersection of the surfaces 


of the S(juadrons by a horizontal jilam^, whose height is 
equal to l\ forms in i‘ai*h ease a line, whosi‘ general in- 
elination to the ranks <if A increase's as the Kinshi}) 
lie(‘oines more rc'inote, until it liecomes a right angh'< in 
Z. The progressive <*hang(» of im'lination is shown in 
the small s<|uares drawn at the base of Fig. 13, in which 
tin* lines are the jirojectioiis of contours drawn on the 
uppt*r surfai’es of the Sijuadrons, to correspond with the 
multiples tln*re stated of values of p. 

It will be understood from the front views of the 
four ditbeent Squadrons, which form the upper jiart of 
Fig, 13, how the Mid-Statures of tin* Kinsmen to the 
Men in (*ach of the files of A, gradually laconu* nmre 
nn*diocre in tin* successive stag«*s of kinship until they 
all reach absolute niedio(*ritv in Z. This figure aflords 
an excellent diagnuuatic n*presentation, true to scale, 
of the action of tin* law of Kegression in l)esct*nt. I 
should like to have given in addition, a perspective 
view of the Squadrons, but failed to dniw them 
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clearly, after making many attempts. Their curvatures 
are so delicate and ]»eeuliar that the eye can hardly 
a])j>reeiate them even in a model, Avithout turning it 
about in different light. s and aspect.^. A pla.ster model 

of an intermediate form was exliibited at the Koval 

• 

Soeii ty by Mr. J. 1). 11. Ibeksun, when my ]>ajM‘r on 
ITrrrd I tan/ Stature was read, tog«*tli(*r witli his .st>lutions 
of the ]>robleins tliat are given in tin* A}»i»endix. 1 also 
exhibited arrangnnents of tiles and ranks tliat were 
made (»f jia.steluiard. Mr. l>ixon UK'ntioned that the 
niatlnunatieal ]>r(»j»erti«‘s of a Surface of Freqmuiey 
showed that no .<trietly straight liin* could la? drawn 
upon it. 


f af a ProjJc , — AVe an* far ttM> 

a]»t t(» n*gard eoininon i*vt*nts as matters of (jourse, that 

requin* no (*xplanation, when‘as they may be ]irol>lems 

of much intcre>l ami (»f sumc ditliciiltv, ami .still await 

% 

.solution. 

Why is it, when we conn»are two large, groups of 
persons selected at random from tin; same race, luit 
belonging to <lifferent generations, that they are usually 
found to be <*l(».s(*lv alike? There mav la? some 

• a 

.small statistical dussiiuilarit v dm* to well understood 
differeiict's in tin* general conditions of their lives, but 
with this 1 am not (*oneerned. The. pn*sent questiem 
is as to the i origin of that statistical res(*mblance betwe(‘n 
suo<res.sive generations which i.s due to the strict j>ro- 
cesses of hert*ditv, and which is eommonlv obseiwed in 
all form.'i of life. 

I 2 
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In each geuemtion, individuals are found to be tall 
and short, heavy and light, strong and weak, dark 
and i)ale ; and the proportions of those who present 
thijsc several characteristics in their various degrees, 
tciiid to l)(i constant. The records of geological history 
afford striking (‘vidiuiccs of this statistical similarity. 
Fossil remains of jJaiits and animals may l)e dug out of 
strata at such ditterent h'.vels, tliat thousands of genera- 
tions must lia v(j intei’veued between the periods at which 
tlu^y lived ; yet in large samples of such fossils wc may 
seek in vain for p(‘(*uliarities that distinguish one 
g(‘neration from another, the different sizes, marks, and 
variations of every kind, occurring with equal fre(|uency 
in all. 


If any are iiu'liiUMl to reply that th(‘re is no wonder 
in tile matter, because (*aeli individual tends to leave his 


like behind him, and therefore each giuieration must, as 
a matter of <‘ourse, n^semble tin* oiu* preceding, the 
patent fact of Regression shows that they utterly 
misundt*rstand the cas(*. 


We have now reacluMl a stage at which it has 
become jMissihli* to dis<*iiss the jirobleiu with some 
exactin'ss, and 1 will do so hy giving mathematicid 
ex]>ressiou to what actually t<»ok place in tin* Statures 
of that sample of our Popidation whose life-histories 
are nronled in the R.F.F. data. 


The Males and Females in Generation I. whose M has 
the value of P (viz., 68 J inches), and whose Q is 1*7 
inch, w«*re found to gioup themsidves as it were at 
nindoin, into coujdes, and then to fonu a system of 
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Mid-Pannits. This systora had of course the same M 
as the gouend Population, l)ut its Q was reduced to 
^4x17 inch, or to 1*2 inch. It was next found 
when the Statures of the Mid- Parents, expresst^d in the 
fonn of P-f(dbD), wtuv sorted into groups in which 
D was the same (reckoning to the nearest iiuth), that a 
Co-fraternity sprang from ea<*h grouj), and that its M 
had the value of P-f*(dbnll). Tlu‘ systcuu in wliich 
each element is a Mid-t*o-Fratt*rnity, must have tin*, 
siime M as hefon*, of (}S\ inches, Imt its Q will be again 
reduced, namely from 1*2 inch to ji x 1 ‘2 inch, or to 
0*8 incli. l^astly, the individual to-Fraternals were 
8(*en to lie disjK‘rs(‘d from tlieir res]H‘ctive Mid-(\)- 
Fraternities, with a Q etpial in (*ach case to 1*5 inch. 
The sum of all of the Co-Frat(‘rnals forms tin* Pojuda- 
tioii of (leiK'ration 11. (’onscfnn*ntly the meinlM*rs of 
(leiieration II. const it utt^ a system that has an M of 
iin'hes and a Q (Mjtnd to [(0*8)"-f (I ’5)"J, = 1*7 
inch. These values arc identical with those in (Jenera- 
tion I. ; so tin* caus(^ of tln*ir statistical similaritv is 
tracked out. 


There ought to be no misunderstanding as to the 
<diara(*t<T of the evitleiice or of tin* n-asoiiing uj)on 
which this analysis is based. A small but fair sample 
of the Population in two successive Generations has be(*n 
taken, and its conditions as regards Stature have been 
strictlv discussecL It was found that the distribution 
of Stature was sufficiently Kormal to justify our ignoring 
any shortcomings in that resjK*ct. The tmnsnnitation 
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of female heights to their male equivalents was justified 
by the fact that vvlum the individual Statures of a group 
of females arc raised in the })roportion of 100 to 108, 
the Sch(;ni(3 drawn from them fairly coincides with that 
drawn from riifile Statures. Mairiago selection was found 
to take no suffici(*nt notici^ of Stature to be worth con- 


sidioation ; neither was the number of children in 

Fraternities found to be sensibly affected by the 

Statures of th(;ir raivnts. Again, it was seen to be 

of n<» coiise(ju(Uiee when dealing statistically with the 

offspring, wliether their Parents were alike in stature, or 

not, the <uily datum deserving conshhTation being the 

Stature of the Alid-Pannit, that is to sav, the averajie 

value of (l) the Stature of the Father, and of (2) the 

Transmuted Stature of the Moth(‘r. I fullv grant that 

not one of these de(lu(,*tions mav be* strietlv exa(*t, but 

* % * 

the error intri>dueed into the ef)n(*lusions by sup]M>sing 
them to be eorreet proves not to be Worth taking into 
ae(*ount in a lirst a)>proximalion. 

J*n*eisely the saint* may Im* said of the ulterior st(‘ps 
in this analvsis. Kverv one of them is based on the 

» «r 

}»roiK‘rlies of an ideally perfect curve, luit in no ease 
has there been need to makt* any siuisibh* departure 
from the obs(*rv(*d n*sults, exce]>t in assigning a uniform 
value to Q in the different (\)- Fraternities. Strictly 
speaking, that value was found to slightly rist* or fall as 
the Mid-Stature of the Co-Frateruitv rose or fell. This 


suggested the advisability of treating the whole inquiry 
<»n the principle of the tieometric Mean, Appendix G. 
I tried that ]>rinciple in what seenn*d to be the most 
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hopeful ease among my 18 schemes, but found the gain, 
if any, to be so small, that I did not care to go on 
with the experiment. It did not seem to deserve the 
additional tnnible, and I was indisposed to do anything 
that was not reallv necessarv, whieli niitjht further 
eonfusi* the r<‘ath‘r. But had 1 J>oss(^ssed lu'tter data, 
I should liav(‘ tried the (ieometrie ]\Iean throughout. 
In doing so, every measure would be replaced by its 
logarithm, and tlu*se logarithms would be tr(»ated just 
as if they had b(‘en the observed values. The conclusions 


to whieh th(*y might lead would then be re-transmut(*d 
to th<^ numlKTs of which t]i(‘y were the logarithmic 
(*(|uival(*nts. 

In short, W(‘ have d(*alt mathemath'allv with an idt*al 
jK)j)ulation whieh has similar characti*risties to those of 
a n^al p(»pulation, and have s(M*n how clos(‘ly the, 
behaviour of tin* ideal population corrcsjionds in (?very 
staei* to that <»f the real one. Ther(*h»re we have 
aiTiv(*<l at a <dosely approximate solution of th(‘ problem 
cjf statistieal e(Uistancy, though niinuTous refineiiKUits 
hav(* been lieirlected. 


yfftftml Selection , — This hardly falls wdthin the 
s<'op(f of our iiKpiiry into Natural Inheritance, but it 
will be appropriate to consider briefly the way in 
which the action of Natural Selection may harmonise 
with that of pure heredity, ami work together with it 
in such a manner as not to compromise the normal 
distribution of faculty. To do this, W’e must deal 
with the case that best repre.«ents the various possible 
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occurrences, namely that in which the mediocre members 
of a population are those that are -most nearly in 
harmony witli their circumstances. The harmony ought 
to concern the aggregate of their faculties, combined 
on the principle adopted in Table 3, after weighting 
them in the order of their importance. We may deal 
with any faculty separately, to serve as an example, if 
its mediocre value happens to be that which is most 
preservative of life under the majority of circumstances. 
Such is Stature, in a rudely approximate degree, inas- 
much as exc(‘})tionally tall or exceptionally sliort persons 
hav(^ loss chance of life than those of moderate size. 

It will give nu)re definiteness to the r(‘nsoning to 
take a definite cxarai)le, even tliough it be in part an 
imaginary one. Su[»posc then, that we arc considering 
the stature of some animal that is liable to be hunted 
by certain bejists of prey in a particular country. So 
far as In*- is big of his kind, he would bo better able 
thiin the mediocrities to crush through thick grass and 
foliage whem‘ver he was scampering for his life, to jump 
over obstacles, and possibly to run somewhat faster 
than thev. So far as he is small of his kind, he would 
be lK».tter able to run through narrow openings, to 
make quick turns, and to hide himself. Under the 
general <*ircumstances, it would be found that animals 
oi some particular stature had i>ii the whole a better 
ebanee of escape than any other, and if their race is 
closely adapted to their cireumstiinces in respect to 
stature, the most fiivoured stature would be identical 
with the M of the race. We already know that if we 
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call this value P, and write each stature under the 
form of P-fx (in which x includes its sign), and if the 
number of times w4th which any value P + a: occurs, 
compared to the number of times in which P occurs, 
be called y, then x and y arc connected by the law 
of Frequency of Error. 

Though the impediments to fliglit arc less unfavour- 
able, on the average, to the stature P than to any otluT, 
they will differ in different experiences. The course of 
one animal may chance to pass through denser foliage 
than usual, or the obstacfles in his way may be higlier. 
In that case an animal whoso stature exceeded would 
have an advantage over modio<*rities. Conversely, the 
circumstances might be more favourable to a small 
Jinimal. 

Each particular line, of escape would b(‘ most favour- 
able to some particular stature, and whatever tlu; value 
of X might be, it is possible that th(j stature P-f 
might in some cases lx*, more favoured than any other. 
But the accidents of foliage and soil in a country arc 
characteristic and persistent, and may fairly be con- 
sidered as approximately of a typical kind. Therefore 
those that most favour the animals whose stature is 
P will be more frequently m<»t w’itli than those that 
favour any other stature P-fo', and the frequency 
of the latter occurrence wdll diminish rapidly as x 
increases. If the number of times with which any 
particular value of P + x is most favountd, as compared 
with the numljer of times in which P Ls most favoured, 
be called 3 /, we may fairly assume that and x arc 



122 NATURAL INHERITANCE. [ciup. 

connected by the law of Frequency of Error. But 
though the system of y values and that of y' values 
may be both subject to the law, it is not for a moment 
to be supposed that their Q values arc necessarily 
the same. 

We have now to show how a large population of 
animals becomes reduced by the action of natural 
selection to a smaller one, in which the M value of the 
statures is unchanged, while the Q value is decreased. 

To do this we must first consider the population to 
have grown up entirely shielded from eauscs of pre- 
mature mortality ; call their numl)er N. Then suppose 
them to be assailed by all the lethal iuduenccs that have 
no reference to stature. These would reduce their 
number to N', but by the hypothesis, the values of 
M and of Q would remain unaffected. Next let the 
influences that act selectively on stature, further retluce 
the numbers to S ; these being the final survivors. 
Wo have seen that : — 

= tho number of individuals who have the stature 
r, counting those who have the stature P, as 1. 

= the number of times in which PdbJi: is the most 
favoured stature, counting those in which F is the 
most favoured, as 1. 

Then yij = the number of times that individuals of 
the stature P±x are selected, counting those in which 
individuals of the stature P are selected, as 1. 

As the relation between y and x, and between ^ and 
j are severally governed by the law of Frequency of 
Error, it follows directly from the formula by which 
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that law is expressed, that the relation between yy' and 
X is also governed by it. The value of P of course 
remains the same throughout, but the Q in the system 
of yy^ values is necessarily less than that in the system 
of y values. 

It might well be that natural selection would favour 
the indefinite increase of numerous separate faculties, if 
their improvement could be effected without detriment 
to the rest ; then, mediocrity in that faculty would 
not be the safest condition. Thus an increase of 
fleetness would be a clear gain to an animal liable to 
be hunted by beasts of prey, if no other useful faculty 
was thereby diminished. 

But a too free use of this *‘if’* would show a 
jaunty disregard of a real difficulty. Organisms arc 
so knit together that change in one direction involves 
change in many others ; these may not attract atten- 
tion, but the)^ are none the less existent. Oiganisins are 
like ships of war constructed for a particular purpose 
in warfare, as cruisers, line of battle ships, &c., on the 
principle of obttiining the utmost efficiency for their 
special purpose. The result is a compromise between 
a variety of conflicting desiderata, such as cost, speed, 
accommodation, stability, weight of guns, thickness of 
armour, quick steering power, and so on. It is hardly 
possible in a ship of any long established tyjie to make 
an improvement in any one of these respects, without a 
sacrifice in other directions. If the fleetness is increased, 
the engines must be larger, and more space must be 
given up to coal, and this diminishes the remaining 
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accommodation. Evolution may produce an altogether 
new type of vessel that shall be more efficient than the 
old one, but when a particular type of vessel has become 
adapted to its functions through long experience it is not 
possible to produce a mere variety of its type that shall 
have increased efficiency in some one particular without 
detriment to the rest. So it is with animals. 

Variability in Fraternities . — Human Fraternities arc 
far too small to admit of their Q being satisfactorily 
measured by the direct method. We are obliged to 
have recourse to indirect methods, of which no less than 
four are available. I shall apply each of them to both 
the Special and tt» the R.F.F. data ; this will give 8 
separate estimates of its value, which in the meantime 
will be called 6. The four methods are as follow : 

First method ; by Fraternities each containing the 
same number of persons : — Let me begin by saying that 
1 had already found in the large Fraternities of Sweet 
Peas, that the sizes of individuals of whom they con- 
sisted were normally distributed, and that their Q was 
independent of the size, or of the Stature as we may 
phrase it, of the Mid-Fraternity. We have also seen 
that the Q is practieaUy the same in all Co-friiternities 
of men. Therefore it is reasonable to expect that it 
will also lie found to be the same in all their Fraternities, 
though owing to their small size we cannot assure our- 
selves of the fact by direct evidence. We will assume 
this to be the case for the present ; it will lie seen that 
the results justify the assumption. 
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The value of the M of a small Fraternity may bo 
much affected by the addition or subtraction even of 
a single member, it may therefore be called the appai^nt 
M, to be distinguished from the tnic M, from which its 
members would be found to be dispersed, if there had 
been many more of them. The apparent M approxi- 
mates towards the true M as the Fraternity increases 
in size, though at a much slower rate. We have now 
somehow to get at this true M. For distinction and 
for brevity let us call the apparent M of any small 
Fraternity (MF'), and that of the corresponding true 
M (MF). Then (MF) may be deduced from (MF') as 
follows : — 

We will begin by allo\^ing oui-selvcs for the moment 
to imagine the existence of an exceedingly large Frater- 
nity, far more numerous tliaii is physiologically possible, 
and to suj)pose that its members vary among themselves 
just as widely, neither mon^ m)r less so, than in the 
small Fraternities of real life. The (MF') of our large 
ideal Fmternity wiU therefore be identical with its (MF), 
and its Q will be the same as &. Next, take at random 
out of tliis huge ideal Fraternity a large number of small 
samples, each consisting of the same number, n, of 
brothers, and call the aj>pai-ent Mid- values in the several 
sampler, (MF'j), (MF'^), &c. It can easily l>e shown 
that (MF'j), (JilF'j), Ac., will be so distributed about the 
common centre of (MF), that the Prob. Deviation of 
any one of them from it, that is to say, the Q of their 
system will = 6x^^. If n=l, then the Prob. Devia- 
tion becomes 6, as it should. If n = 2, the Prob. 
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Deviation is determined by the same problem as that 
which concerned the Q of the Mid- Parentages (page 87), 
where it was shown to be 6 x — ^ By similar reasoning, 
when n = 3, the Prob. Deviation becomes and 

HO on. When n is infinitely large, the Prob. Deviation 
is 0 ; that is to say, the (MF') values do not differ at 
all from their common (MF). 

Now if we make a collection of human Fraternities, 
each consisting of the same number, n, of brothers, and 
note the differences between the (MF') in each frater- 
nity and the individual brothera, we shall obtain a 
Hj’ste.m of values. By drawing a Scheme from these in 
the usual way, we are able to find their Q ; let us call 
it <1. We then dcteimine h in terms of d, as foUows : — 
The (MF') vidues are distributed about their common 
(MF), each with the Prob. Deviation of 4 x and the 
Statures of the individual Brothers are distributed 
about their respective (MF') values, each wth the Prob. 
Deviation d. The compound result is the same as 
if the statures of the individual brothers had been 
distributed about the common (MF), each with the 
Prob. Deviation h, 

consequenth* ¥ = d* + ~, or ¥— ■■ ■ ” ■ rf*. 

n n—l 

I determined d by observation for four different 
values of n, having taken four groups of Fraternities, 
consisting respectively of 4, 5, 6, and 7 brothers, as 
shown in Table 14. Substituting these four observed 
values in turns for d in the above formula, I obtained 
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four independent values of 6, which are respectively 
1*01, 1*01, 1*20, and 1*08 ; the mean of these is 1*07. 


Second Method ; from the mean value of Fraternal 
Regression : — We may look on the Population as com- 
posed of a system of Fraternities. Call their respective 
true centres (see last paragi*aj)li) (MF,), (MF^), &c. 
These \\ill be distributed about P with an as yet un- 
known Prob. Deviation, that we will call c. The 
individual members of each Fraternity will of course 
be distributed from theii* own (MF) with a Q equal to 6. 
Then (l) 

Let P-f (dbF„) be the stature of any individual, and 
let P + (dbMF,) he that of the M of his Fmternity, 
then Problem 4 (page 60) shows us that : — 


the most pvohuhle value of 





This is also the value of Fraternal Regn^ssion, and 
therefore equal to Substituting in (2), and replacing 
c by the value given by (l), wc obtain & = 0'98 
inch. 


Third Method \ by the Variability in the value of 
individual cases of Fraternal Regression : — The figures 
in each line of Table 13 are found to have a Q equal to 
1 *24 inch, and they arc the rc^sults of ’two independent 
systems of variation. First, the several (MF) values (sec 
last paragraph) are dispersed from the M of all of 
them with a Q that wc will call r. Secondly the 
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individual brothers in each Fraternity are dispersed 
from their own (MF) with a Q equal to 6. 

Hence ( 1 •24)® = i;® + 6®. 

But it is shoMTi Problem 5 that v = ; 
therefore (1 *24)® = t® + 


Substituting for c® its value of (r7)®— 6® (see last para- 
graph), we obtain 6 = 0'98 inch. 

Fourth Method ; from diflercnces between pairs of 
brothers tfikeii at random : — In the fourth method, 
Pairs of Brothc^rs are taken at random, and the Differ- 
en(?es between the statures in each paii* are noted ; then, 
under the following reservation, any one of these 
diffenuices would have the Prob. value of d 2 xb. The 
re8t*rvatiou is, that only as many Differences should be 
taken out of each Fraternity as are independent. A 
Fraternity of n brothers admits of possible pairs, 
and tlie sjime number of Differences ; but as no more 
than « — 1 of these are independent, that number only 
of the Differences should bo taken. I did not appre- 
ciut(j this necessity at first, and selected piirs of brothers 
on an arbitrary system, which had at all events the 
merit of not taking more than four sets of Differences 
from auy one Fraternity however large it might be. 
It was faulty in taking three Differences instead of only 
two, out of a Fraternity of three brothers, and four 
Differences, instead of only three, from a Fraternity of 
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four brotherfi, and therefore givuig an increased weight 
to those Fraternities, but in other respects the system 
was hardly objectionable. The introduced error must 
be so slight as to make it scarcely worth while now to 
go over the work again. By the system adoj>ted, I 
foimd the Prob. Difference to be 1’55, wliich divided 
by >/ 2 gives b =1'10 inch. 


Thus far we have dealt with the specitd data only. 
The less trustworthy R.F.F. give larger values of 6 in 
ever)' case. An ej>itome of all the results n}>pe.ar8 in 
the following table : — 


Methods and data. 


Values of h obtainHl by ditfrrent luethiNls 
and from dtITerent data. 

From 9|iecial Data. | From R.F.F. data.! 


(1) From Fratomities each 


containing the* same number of 
persons 

107 

1-38 

(2) From the mean value of 
Fraternal Begrosdon 

0-98 

1-31 

(3) From the Variability cf 
Fraternal Regression 

MO 

M4 

(4) From Pairs of Brothers 
taken at random 

MO 

1-35 


Mean. 


1-06 


The data used in the four methods arc somewhat 
different. In (1) 1 could not deal with small Fratcrni- 

* The R.F.F. reunite were obtained from brothen only and not from 
transmuted sisters, except in method (2), where the paucity of the data 
compelled me to include them. 
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ties, so all were disregarded that contained fewer than 
four individuals. In (2) and (3) I could not with 
safety use large Fraternities. In (4) the method of 
selection was, os we have seen, quite indifferent. This 
TpnIfftH the accordance of the results derived £rom the 
Special data all the more gratifying. Those from the 
R.F.F. data accord less well together. The R.F.F. 
measures are not sufficiently exact for use in these 
delicate calculations. Their results, being compounded 
of h and of their tendency to deviate from exactness, 
are necessarily too high, and should be discarded. I 
gather from all this that we may safely consider the 
value of h to be less than 1 '06, and that allowing for 
some want of precision in the Special data, the very 
convenient value of TOO inch may reasonably be 
adopted. 

Trustworthiness of the Constants . — ^There is difficulty 
in correcting the results obtained from the R.F.F. data, 
though we can make some estimate of their general 
inaccuracy as compared with the Special data. The 
reason of the difficulty is that the inaccuracy cannot 
be ascribed to an uncertainty of equal ± amount in 
every entry, such as might be due to a doubt of 
“ shoes off ’’ or “ shoes on." If it were so, the Prob. 
Error of a single value of the R.F.F. would be greater 
than that of one of the Specials, whereas it proves to 
be the same. It is likely that ^e inaccuracy is a com- 
pound first of the uncertainty above mentioned, whose 
effect would be to increase the value of the Prob. Error, 
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aud secondly of a tendency on the part of my corre- 
spondents to record medium statures when they were 
in doubt, whose effect would be to reduce the value of 
the Prob. Error. The R.F.F. data in Table 12 run so 
irregularly that I cannot interpret them with any 
assurance. The value they give for Fraternal Regression 
certainly does not exceed and therefore a correction, 
amounting to no less than ^ of its amount, is required 
to bring it to a parity with that derived from the 
Special data (because J S ^ J ~ S)* Hence it 
might be argued, that the value of Regression from 
Mid-Parent to Son, which the R.F.F. data gave as ij, 
ought to receive a similar correction. If so, it would 
be raised to § -f g = 5 5 I cannot believe this 
high value to be correct. My first estimate made 
from the R.F.F. data, was §, as already mentioned. If 
this be ado})ted, the correct(*d value would be J, or /(y 
instead of g, which might possibly pass. Curiously 
enough, this value of J for Regression from Mid-Parent 
to Son, coincides with the value of g for Regression 
from a single Parent to Son, which the direct observa- 
tions showed (see page 99), but which owning to tlieir 
paucity and to the irregularity of the way in which 
they ran, I rejected and still reject, at least for the 
present. While sincerely desirous of obtaining a 
revised value of average Filial Regression from entirely 
different and more accurate groups of data, the pro- 
visional value already adopted of § from Mid- Parent 
to Son may be accepted as being near enough for the 
present It is impossible to revise one datum in the 

K 2 
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B.F.F. series without revising all, as they hang together 
and support one another. 

General View of Kinship . — We are now able to deal 
with the distribution of statures among the ELinsmen in 
every near degree, of persons whose statures we know, 
but whose ancestral statures we either do not know, or 
do not care to take into account. We are able to calcu- 
late Tables for every near degree of Kinship on the form 
of Table 11, and to reconstruct that same Table in a 
shape free from irregularities. We must first find the 
Regression, wliieh we may call w, appropriate to the 
degree of Kinship in question. Then we calculate a 
vjilue f for each line of a Table corresponding in form to 
that of Table 1 1 , in which f was found to be equal to 
1 '50 inch. We deduce the value of f from that of w by 
means of the general equation p being 

e(|Uid to 17 inch. The values to be inserted in the 
several lines are then cidculatcd from the ordinary table 
(Table 5) of the “ probability integral.” 

As an example of the first part of the process, let us 
suppose we are about to construct a table of Uncles and 
their Nephews, we find w and f as follows : A Nephew 
is the son of a Brother, therefore in this case we have 
to=:Jxi| = g; whence /=1'66. 

The Regression, which we call w, is a convenient and 
correct measure of family likeness. If the resemblance 
of the Kinsman to the Man, was on the average as 
perfect as that of the Man to his own Self, there would 
lie no Regression at all, and the value of lo would be 1. 
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Table of Data fob CALcuLATnra Tables of Distribution or 
Stature among the Kinsmen of Persons whose Stature is 

KNOWN. 


From gro^ of perauna of the Mme Stature. i 
to their Kinamen in TarluaB near dogreea. | 

I 

Mid-parents to Sons ! 

Brothers to Brothers 

Fathers or Sons to 

Sons or Fathers / 

Uncles or Nephews to ) 
Nephews or Uncles / 

Grandsons to Grandparents... 
Cousins to Cousins 


Mean 

regreaatonssw. 

2/3 1-27 

2/3 1-27 

1/3 1-60 

2/9 1-66 

( Practioally 
1/9 J that of Popa- 

9/97 1 lation, or 

(. 1-7 inch. 


Qaf 

j>xV<l-w^. 


On the other hand, if the Kinsmen were on the average 
no more like the Man than if they had been a group 
picked at random out of the general Population, then 
the Regression to P would l)e complete. The M of the 
Kinsmen, which is expressed by P + U)(±D), would in 
that case become P, whatever might have been the value 
ofD; therefore w must =0. We see by the preceding 
Table that as a general rule. Fathers or Sons should be 
held to be only one-half as near in blood as Brothers, 
and Uncles and Nephews to Ire one-third as near in 
blood as Brothers. Cousins are 4^ times as remote as 
Fathers or as Sons, and 9 times as remote as Brothers. 
I do not extend the table further, because considera- 
tions would have to be taken into account that will be 
discussed in the next Section. 

The remarks made in a previous chapter about 
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heritages that blend and those that are mutually exclu- 
sive, must be here borne in mind. It would be a poor 
prerogative to inherit say the fifth part of the peculiarity 
of some gifted ancestor, but the chance of 1 to 5, of 
inheriting the whole of it, would be deservedly prized. 

Separate Contribution of each Ancestor . — In making 
the statement that Mid-Parents whose Stature is P±D 
have children whose average stature is PzfcfD, it is 
supposed that no sejiarate account has been taken of 
the pn^viouH ancestry. Yet though nothing may be 
known of tliom, something is tacitly implied and has 
been ta(*Jtly allowed for, and this requires to be elimi- 
nabnl before we can learn the amount of the Parental 
bequest, pure and simple. What that something is, we 
Tiiust now try to discov(*r. When speaking of converse 
Regi'ession, it was shown that a peculiarity in a Man 
implied a i)eculiarity of ^ of that amount in his Mid- 
Panmt. Call the peculiarity of the Mid-Parent D, then 
the implied peculiarity of the Mid-Parent of the Mid- 
Parent, that is of the Mid-Grand-Parent of the Man, 
would on the above 8ujq)o.sition be JD, that of the Mid- 
Great-Grand-Parent would be ^D, and so on. Hence 
the total bequeathable property would amount to 

Do the bequests from each of the successive genera- 
tions re^ich the child without any, or what, diminution 
by the way ? I have not sufficient data to jiold a direc^t 
reply, and must therefore try limiting suppositions. 

First, suppose the bequests by the various generations 
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to be equally taxed ; then, as an accumulation of ances- 
tral contributions whose sum amounts to D| 3 delds an 
effective heritage of only Df , it follows that each piece 
of heritable property must have been reduced to f of its 
original amount, because | x | = f . 

Secondly, suppose the tax not to be uniform, but to 
be repeated at each successive transmission, and to be 


equal to - of the amount of 


the proiMjrty at each 


stage. In this case the effective heritage would l>e 

1.1. \ t\ 3 1*1. i. 

, wmeh must, as 


before, be equal to D# ; whence - = 

Thirdly, it might possibly be supiMjscd that the Mid- 
Ancestor in a remote generation should on the average 
contribute more, to the child than the Mid-Parent, but 
this is quite contrary to what is observed. The descend- 
ants of what was “ pedigree wheat,” after being left to 
themselves for many generations, show little or no trace 
of the remarkable size of their Mid-Ancestors in the 
generations just before they were left to themselves, 
though the offspring of those Mid-Ancestors in the first 
generation did so unmistakably. 

The results of our only two valid limiting suppositions 
are therefore, (1) that the Mi«l-Parental peculiarities, 
pure and simple, influence the offspring to | of their 
amount ; (2) that they influence it to ^ of their amount. 
These values differ but slightly from and their mean 
is closely so we may fairly accept that result Hence 
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the influence, pure and simple, of the Mid-Parent may 
be taken as and that of the Mid-Grand-Parent as 
and so on. Consequently the influence of the individual 
Parent would be J, and of the individual Grand-Parent 
and so on. It would, however, be hazardous on the 
present slender basis, to extend this sequence with con- 
fidence to more distant generations. 

Pedigree Moths . — I am endeavouring at this moment 
to obtain data that will enable me to go further, by breed- 
ing Pedigree Moths, thanks to the aid of Mr. Frederick 

Merriflcld. The moths Selenia Illustraria and Ulunaria 

« 

are chosen for the purpose, partly on account of their being 
what is called double brooded ; that is to say, they pass 
normally tlirough two generations in a single year, which 
is a great saving of time to the experimenter. They are 
hardy, prolific and variable, and are found to stand chloro- 
form well, previously to being measured and then paired. 
Every member of each Fraternity is preserved along 
three lines of descent — one race of long-winged moths, 
one of medium-winged, and one of short-winged moths. 
The throe parallel sets are reared under identical con- 
ditions, so that the medium series supplies a trustworthy 
relative base, from which to measure the increasing 
divergency of the others. No one can be sure of the 
success of any extensive breeding experiment, but this 
attempt has been well started and seems to present no 
peculiar difficulty. Among other reasons for choosing 
moths for the purpose, is that they are bom adults, not 
changing in stature after they have emerged from the 
chrysalis and shaken out their wings. Their families 
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are of a convenient size for statistical purposes, say from 
50 to 100, neither too few to make satisfactory Schemes, 
nor unmanageably large. They can be mounted as 
we all know, after their death, with great facility, and 
be remeasured at leisure. An intelligent and expe- 
rienced person can carry on a large breeding establish- 
ment in a small room, supplemented by a small garden. 
The methods used and the results up to last spring, 
have been described by Mr. Merrifield in papers read 
February and December 1887, and printed in the Tran- 
sactions of the Entomological Society. I speak of this 
now, in hopes of attracting the attention of some who 
are competent and willing to carry on collateral experi- 
ments with the same breed, or with altogether different 
species of moths. 



CHAPTER VIIL 

DISCUSSION OF THE DATA OF EYE COLOUB. 

Preliminary Remarka. — Data. — Pemlfitence of Eye-Colour in the Popula- 
tion. — Fundamental Eye-Colours. — Principles of Calculation. — Results. 

Prelimtnary Remarks . — In this chapter I will test 
the conclusions respecting stature by an examination 
into hereditary Eye-colour. Supposing all female 
measures to have been transmuted to their male equi- 
valents, it has been shown (1) that the possession of 
each unit of peculiarity of stature in a man [that is of 
each unit of difference from the average of his race] 
when the man's ancestry is unknown, implies the exist- 
ence on an average of just one-third of a unit of that 
peculiarity in his “Mid-Parent,” and consequently of 
the same amount in each of his parents ; also just one- 
third of a unit in his Son ; (2) that each unit of pecu- 
liarity in each ancestor taken singly, is reduced in 
transmission according to the following average scale ; — 
a Parent transmits only j-, and a Grand-Parent only 
Stature and Eye-colour arc not only different as 
qualities, but they are more contrasted in hereditary 
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behaviour than perhaps any other common qualities. 
Parents of different Statures usually transmit a blended 
heritage to their children, but parents of different Eye- 
colours usually transmit an alternative heritage. If one 
parent is as much taller than the average of his or her 
sex as the other parent is shorter, the Statures of their 
children will be distributed, as we have already seen, in 
nearly the same way as if the parents had both been 
of medium height. But if one parent has a light Eye- 
colour and the other a dark Eye-colour, some of the 
children will, as a rule, be light and the rest dark ; they 
will seldom be medium eye-coloured, like the children 
of medium eye-coloured parents. The blending in 
Stature is due to its being the aggregate of the quasi- 
independent inheritances of many separate parts, while 
Eye-colour appears to be much less various in its 
origin. If notwithstanding this two-fold difference 
between the qualities of Stature and Eye-colour, the 
shares of hereditary contribution from the various 
ancestors are alike in the two ca.scs, as I shall show that 
they are, we may with some confidence expect that the 
law by which those hereditary contributions are found 
to be governed, may be widely, and perhaps univerHally 
applicable. 

Data . — My data for hereditary Eye-colour are drawm 
from the same collection of “ Records of Family 
Faculties” (‘‘R.F.F.”) as those upon which the inquiries 
into hereditary Stature were principall}* based. I have 
analysed the general value of these data in respect to 
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Stature, and shown that they were fairly trustworthy. 
I think they are somewhat more accurate in respect to 
Eye-colour, upon which family portraits have often 
furnished direct information, while indirect information 
has been in other cases obtained from locks of hair that 

were preserved in the family as mementos. 

» 

Persistence of Eye-colour in the Population . — ^The 
first subject of our inquiry must be into the existence of 
any slow change in the statistics of Eye-colour in the 
English ]K>pulation, or rather in that particular part of 
it to which my returns apply, that ought to be taken 
into account before drawing hereditary conclusions. 
For this pur{)Osc I sorted the data, not according to the 
year of birth, but according to generations, as that 
method best accorded with the particular form in which 
all my R.F.F. data arc compiled. Those persons who 
ranked in the Family Records as the “ children ” of the 
pedigree, were counted os generation I. ; their parents, 
uncles and aunts, os generation II. ; their grandparents, 
great uncles, and great aunts, as generation III. ; their 
great grandparents, and so forth, as generation IV. No 
account was taken of the year of birth of the “ children,” 
except to learn their age ; consequently there is much 
overlapping of dates in successive generations. We 
may however safely say, that the persons in generation 
I. belong to quite a different period to those in genera- 
tion III., and the persons in II. to those in IV. I had 
intended to exclude all children under the age of eight 
years, but in this particular branch of the inquiry, I 
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fear tihat some cases of young children have been acci- 
dentally included. I would willingly have taken a later 
limit than eight years, but could not spare the data 
that would in that case have been lost to me. 

A great variety of terms are used by the various 
compilers of the “Family Records” to express Eye- 
colours. 1 began by classifying them under the follow- 
ing eight heads ; — 1, light blue ; 2, blue, dark blue ; 
3, grey, blue-green ; 4, dark grey, hazel ; 5, light brown ; 
6, brown ; 7, dark brown ; 8, black Then I constructed 
Table 15. 

The diagram, page 143, clearly conveys the sigiiili- 
cance of the figures in Table 15. Considering that 
the groups into which the observations are divided arc 
eight in number, the observations are for from being 
sufficiently numerous to justify us in expecting clean 
results; nevertheless the curves come out surprisingly 
well, and in accordance with one another. There can 
be little doubt that the change, if any, during four 
successive generations is very small, and much smaller 
than mere memory is competent to take note of. I 
therefore di.srcgard a current poj)ular belief in the exist- 
ence of a gradual darkening of the British population, 
and shall treat the eye-colours of those dosses of 
our race who have contributed the records, as having 
been statistically persistent during the period under 
discussion. 

The concurrence of the four curves for the four 
several generations, afibrds internal evidence of the 
trustworthiness of the data. For supposing we had 
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curves that exactly represented the true Eye-colours for 
the four generations, they would either be concurrent 
or they would not. If these curves were concurrent, 
the errors in the 11.F.F. data must have been so 
curiously distributed as to preserve the concurrence. 
If these curves were not concurrent, then the errors 
in the K.F.F. data must have been so curiously distri- 
buted as to neutralise the non-concurrence. Both of 
these suppositions are improbable, and we must con- 
clude that the curves really agree, and that the R.F.F. 
errors are not large enough to spoil the agreement. 
'J’he close similarity of the two curves, derived respec- 
tively from the whole of the male and the whole of 
the female data, and the more perfect form of the curve 
derived from the aggregate of all the cases, are 
additional evidences in favour of the goodness of the 
data on the whole. 

Fundan\ental Eye-colours . — It is agreed among writers 
{vf. A. do Candolle, see footnote overleaf) that the one 
important division of eye-colours is into the light and 
the dark. The medium tints are not numerous, but 
may be derived from any one of four distinct origins. 
They may be hereditary with no notable variation, they 
may be varieties of light parentage, they may be 
varieties of dark parentage, or they may be blends. 
Medium tints are classed in my list under the heading 
“ 4. Dark grey, hazel ; ” these form only 12’7 per 
cent of all the observed cases. In medium tints, the 
outer portion of the iris is often of a dark grey colour. 
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and the inner of a hazel. The proportion between the 
grey and the hazel varies in different cases, and the 
eye-colour is then described as dark grey or as hazel, 
according to the colour that happens most to arrest 
the attention of the observer. For brevity, I will 
henceforth call all intermediate tints by the one name 
of hazel. 

1 will now investigate the history of those hazel eyes 
that arc variations from light or from dark respectively, 
or that arc blends between them. It is reasonable to 
suppose that the residue which were inherited from 
liazel-cycd parents, arose in them or in their prede- 
cessor's cither as variations or as blends, and therefore 
the result of the investigation wUl enable us to assort 
the small but troublesome group of hazel eyes in an 
equitable proportion between light and dark, and thus 
to simplify our inquiry. 

The family records include 1G8 families of brothers 
and sisters, counting only those who were above eight 
years of age, in whom one member at least had hazel 
eyes. For distinction I will describe these as “hazel- 
eyed families ; ” not meaning thereby that all the 
children have that peculiarity, but only one or more of 
them. The total numlwr of the brothers and sisters 
in the 168 hazel-eyed families is 948, of whom 302 or 
aliout one-third have hazel eyea The eye-colours of 
all the 2 X 168, or 336 parents, are given in the records, 
but only those of 449 of the grandparents, whose 
number would bo 672, were it not for a few cases of 
cousin marruigea Thus I have information concerning 
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about only two-thirds of the grandparents^ but this 
will suffice for our purpose. The results are given in 
Table 16. 

It will be observed that the distribution of eye-colour 
among the grandparents of the hasel-eyod families is 
nearly identical with that among the population at 
large. But among the parents there is a notable 
difference ; they have a decidedly larger percentage 
of light eye-colour and a slightly smaller proportion 
of dark, while the hazel element is nearly doubled. 
A similar change is suj)eradded in the children. The 
total result in passing from generations III. to 1., is that 
the percentage of the light eyes is diminished from 
60 or 61 to 45, therefore by one quarter of its original 
amount, and that the pereentag** of tin* <lark eyes is 
diminishid from 26 or 27 to 2;i, that is l»v about one- 
eighth of its original amount, the hazel element in 
either ease absorbing the difference. It follows that 
the chance of a light-eyed juireiit Ijaving hazel off- 
spring, is ab(»ut twice as great as tliat of a dark-eyed 
parent Consequently, since hazel is twice as likely to 
be met with in any given light-eyed family ^is in a 
given dark-eyed one, may look upon two-thirds of 
the hazel eyes as being fundamentally light, and on# - 
third of them as fundamentally dark. I shall allot 
them rateably in that projiortion between light and 
dark, as nearly as may be without using fractions, and 
so get rid of them. M. Alphonse de Candolle * has 

> H4r(klit4 de U Couleur de» Yeux dans ITlspece humaine,” par 
M. Alphonse de Candolle. “ Arch. Sc. Pliys. et Nal. Geneva," Aug. 1SS4, 
3rd period. v<d. xii. p. 97. 
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also shown from his data, that yeux gris (which 1 take 
to be the equivalent of my haze!) are referable to a 
light ancestry rather than to a dark one, but his data 
arc numerically insuiHcient to warrant a precise estimate 
of the relative frequency of their derivation from each 
of these two sources. 

In the following discussion I shall deal only with 
those fraternities in which the Eye-colours are known 
of the two Parents and of the four Grand-Parents. 
There are altogether 211 of such groups, containing 
an aggregate of 1023 children. They do not, however, 
liclong to 211 different fomily stocks, because each 
stock which is cx)mplete up to the great grand-parents 
inclusive (and I have fourteen of these) is capable 
of yielding three such groups. Thus, group 1 contains 
(X, the “ children ; ” h, the parents ; c, the grand- 
parents. Group 2 contains a, the father of the 
“ children ” and his brothers and his sisters ; h, the 
parents of the father; c, the grand-parents of the 
father. Group 3 contains the corresponding selections 
on the mother’s side. Other family stocks furnish two 
groups. Out of these and other data. Tables 19 and 
20 have been maile. In Table 19 I have group(?d 
the families together whose two parents and four grand- 
parents i|>reaent the same combination of Eye-colour, 
no group, however, l>cing accepted that contains less 
than twenty children. The data in this table enable 
us to test the avexuge correctness of the law I desire 
to verify, because many {>ersons and many families 
np|>ear in the same group, and individual peculiarities 
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tend to neutralise each other. In Table 20 I have 
separately classified on the same system all the families, 
78 in number, that consist of six or more children. 
These data enable us to test the trustworthiness of the 
law as applied to indhndual families. It will be 
seen from my way of discussing them, that smaller 
fraternities than these could not be advantageously 
dealt with. 

It will be noticed that I have not printed the number 
of dark-eyed children in either of these tables. They 
arc implicitly given, and are instantly to be found by 
subtracting the number of light-eyed children from 
the total number of children. Nothing would have 
been gained by their insertion, while compactoess would 
have been sacrificed. 

The (‘ntries in the tables are chissified, as .1 said, 
according to the various combinations of light, hazel, 
and dark Eye-colours in the Parents and Grand-Parents. 
There are six different possible combinations among the 
two Parents, and 15 among the four Grand- Parents, 
making G X 15, or 90 possible combinations altogether. 
The number of observations are of course by no means 
evenly distributed among the classes. I have no returns 
at all under more than hfilf of them, while the entries 
of two light-eyed Panmts and four light-eyed Grand- 
Parents are proportionat<5ly very numerous. 

The question of marriage selection in respect to 
Eye-colour, has been already discussed briefly in p. 86. 
It is a less simple statistical question than at a first sight 
it may appear to be, so I will not discuss it farther. 
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Principles of Calculation . — I have next to show 
how the expectation of Eye-colour among the children 
of a given family is to be reckoned on the basis of 
the same law that held in respect to stature, so that 
calculations of the probable distribution of Eye-colours 
may be made. They are those that fill the three last 
columns of Tables 19 and 20, which are headed I., 

II. , and III., and are placed in juxtaposition with 
the observed facts entered in the column headed 
“ Observed.” These three columns contain calculations 
based on data limited in three different ways, in order 
the more thoroughly to test the applicability of the 
law that it is desired to verify. Column I. contains 
calculations based on a knowledge of the Eyc-coloura 
of the Parents only ; II. contains those based on a 
knowledge of those of the Grand-Parents only ; 

III. contains those based on a knowledge of those 
both of the Parents and of the Grand-Parents, and 
of them only. 

1. Eye-colours given of the two Parents — 

Let the letter S be used as a symbol to signify the 
subject (or person) for whom the expected heritage is to 
be calculated. Let F stand for the words “ a parent of 
S;” G| for “a grandparent of S;” G^ for “a great- 
grandparent of S,” and so on. 

AVe must begin by stating the problem as it would 
stand if Stature was under consideration, and then 
modify it so as to apply to Eye-colour. Suppose then, 
that the amount of the peculiarity of Stature pos- 
sessed by F is equal to D, and that nothing whatever 
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is known with certainty of any of the ancestors of 
S except F. We have seen that though nothing may 
actuaUy be known, yet that something definite is implied 
about the ancestors of F, namely, that each of his two 
parents (who will stand in the order of relationship 
of Gi to S) will on the average possess ^D. Similarly 
that each of the four grandparents of F (who will stand 
in the order of Gj to S) will on the average possess 
^D, and so on. Again we have seen that F, on the 
average, transmits to S only ^ of his peculiarity ; that 
G, transmits only Gj only^’j, and so on. Hence 
the aggregate of the heritages that may be expected 
to converge through F upon S, is contained in the 
following 8(*ries : — 



That is to say, each parent must in this case be 
considered as contributing 0'30 to the heritage of the 
child, or the two parents together as contributing 0‘60, 
leaving an indeterminate residue of 0'40 due to the 
influence of ancestry about whom nothing is either 
known or implied, except that they may be taken as 
members of the same race as S. 

In applying this problem to Eye-colour, we must bear 
in mind that the fractional chance that each member 
of a family will inherit either a light or a dark Eye- 
colour, must be taken to mean that that same fraction 
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of the total number of children in the family wiU 
probably possess it. Also, as a consequence of this 
view of the meaning of a fractional chance, it follows 
that the residue of 0*40 must be rateably assigned 
between light and dark Eye-colour, in the proportion 
in which those Eye-colours are found in the race 
generally, and this was seen to be (see Table 16) as 
61*2:26*1 ; so I allot 0*28 out of the above residue 
of 0*40 to the heritage of light, and 0*12 to the heritage 
of dark. When the parent is hazel-eyed I allot f of 
his total contribution of 0*30, i.e., 0*20 to light, and 

i.e. 0*10 to dark. These chances are entered in the 
first pair of columns headed I. in Table 17. 

Tlie pair of columns headed I. in Table 18 shows 
the way of summing the chances that are given in the 
columns that have a similar heading in Table 17. By 
the method there shown, I calculated all the entries 
that appear in the columns with the heading I. in Tables 
19 and 20. 

II. Eye-colours given of the four Grand Parents — 

Suppose D to be poasessed by G, and that nothing 
whatever is known with certainty of any other ancestor 
of 8. Th»*n it has been shown that the child of G, 
(that is }<') will ]K)sross ; that each of the two parents 
of Gi (who stand in the relation of G., to S) will also 
possess ; that each of the four grandparents of G| 
(who stand in the relation of Gs to 8) will possess ^D, 
and so on. Also it has been shown that the shares 
of their several peculiarities that will on the average 
be transmitted by F, G„ Gj, &c., are J, &c.. 
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respectively. Hence the aggregate of the probable 
heritages from Gi are expressed by the following 
series : — 




dU +(L + _i_ 

112 V2* 3x2* 


1 


» '*'3‘x2« 


*fa.))-Dx(^+^)-Dx01«. 


So that each grandparent contributes on the average 
O’lC (more exactly 0'1583) of his peculiarity to the 
heritage of S, and the four grandparents contribute 
between tttem 0‘64, leaving 3G indeterminate, which 
when rateably assigned gives 0'25 to light and O'l 1 
to dark. A haxel-eyed grandparent contributes, accord- 
ing to the ratio described in the last paragraph, 
0*10 to light and 0'06 to dark. All thi.s is clearly 
expressed and employed in the columns 11. of Tables 17 
and 18. 

III. Eye-colours given of the two Parents and four 
Grand-Parents — 

Suppose F to possess D, then F taken alone, and not 
in connection with what bis possession of D might imply 
concerning the contributions of the previous ancestry, 
will contribute an average of 0*25 to the heritage of 
S. Su]ipose Gi also to possess D, then his contribution 
together with what his possession of D may imply 
concerning the previous ancestry, was calculated in the 
last paragraph as D ^ A = Dx 0*075. For the con- 
venience of using round numbers 1 take this as 
D X 0*08. So the two parents contribute between 
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them 0*50 of the peculiarity of S, the four grand- 
parents together with what they imply of the previous 
ancestry contribute 0’32, being an aggregate of 0*82, 
leaving a residue of 0*18 to be rateably assigned as 
0*12 to light, and 0*6 to dark. A hazel-eyed Parent 
is here reckoned as contributing 0*16 to light and 0*9 to 
dark ; a hazel-eyed Grand- Parent as contributing 0*5 
to light and 0*3 to dark. All this is tabulated in 
Table 17, and its working explained by an example in 
the columns headed III. of Table 1 8. 

Itestdts . — A mere glance at Tables 19 and 20 will 
show how surprisingly accurate the predictions are, and 
therefore how true the basis of the calculations must be. 
Their average correctness is shown best by the totals 
in Table 19, w'hich give an aggregate of cidculated 
numbers of light-eyed children under Groups 1., II., and 
III. as 623, 601, and 614 respectively, when the observed 
numbers were 629 ; that is to say, they are correct in 
the ratios of 99, 96, and 98 to 100. 

Their trustworthiness when applied to individual 
families is shown as strongly in Table 20 whose results 
are conveniently summarised in Table 21. I have there 
classified the amounts of error in the several calculations : 
thus if the estimate in any one family was 3 light- 
C 3 'cd children, and the observed number was 4, 1 should 
count the error as 1*0. I have worked to one place of 
decimals in this table, in order to bring out the different 
shades of trustworthiness in the three sets of calcula- 
tions, which thus become very apparent. It will be 
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seen that the calculations in Class III. are by far the 
most precise. In more than one-half of those calcula- 
tions the error does not exceed 0*5, whereas in more than 
three-quarters of those in I. and II. the error is at least of 
that amount. Only one-quarter of Class III., but some- 
where about the half of Classes [. and II., are more than 
ri in error. In comparing I. with II., we find I. to 
be slightly but I think distinctly the superior estimate. 
The relative accuracy of III. as compared with I. and 
II., is what we should have expected, supposing the 
basis of the calculations to be true, because the addi- 
tional knowledge utilised in III., over what is tumed 
to account in I. and II., must be an advantage. 

My returns are insufficiently numerous and too 
subject to uncertainty of observation, to make it worth 
vrhile to submit them to a more rigorous analysis, but 
the broad conclusion to wdiich the present results 
irresistibly lead, is that the same peculiar hereditary 
relation that was shown to subsist between a man and 
each of his ancestors in respect to the quality of 
Stature, also subsists in respect to that of Eye-colour. 



CHAPTER IX 

THE ARTISTIC EACUtiTY. 

I>Ata.*~Soxual Distributiou. --Marriage Selection. — Begre8fiion.~^Effect of 

Bias in Marriage. 

Daia . — It is many years since I described the family 
history of the great Painters and Musicians in Here- 
ditary Genius. The inheritance of much less excep- 
tional gifts of Artistic Faculty will be discussed in this 
chapter, and from an entirely different class of data. 
They are the answers in my R.F.F collection, to the 
question of “ Favourite pursuits and interests ? Artistic 
aptitudes 1 " 

The list of persons who were signalised as being 
especially fond of music and drawing, no doubt 
includes many who arc artistic in a very moderate 
degree. Still they form a fairly well defined class, 
and one that is easy to discuss because their family 
history is complete. In this respect, they are much 
more suitable subjects for statistical inquiry than the 
great Painters and Musicians, whose biographers usually 
say little or nothing of their non-artistic relatives. 
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The object of the present chapter is not to give a 
reply to the simple question, whether or no the Artistic 
faculty tends to be inherited. A man must be very 
crotchety or very ignorant, who nowadays seriously 
doubts the inheritance either of this or of any other 
faculty. The question is whether or no its inheritance 
follows a similar law to that which has been shown to 
govern Stature and Eye-colour, and which has been 
worked out with some completeness in the foregoing 
chapters. Before answering this question, it will be 
convenient to compare the distribution of the Artistic 
faculty in the two sexes, and to learn the influence 
it may exercise on marriage selection. 

I began by dividing my data into four classes of 
aptitudes ; the first was for music alone ; the second 
for drawing alone ; the third for both music and 
drawing ; and the fourth includes all those about whose 
artistic capacities a discreet silence w'as observed. After 
prefatory trials, 1 found it so difficult to separate 
aptitude for music from aptitude for drawing, that I 
determined to throw the three first classes into the 
single group of Artistic. This and the group of the Non- 
Artistic are the only two divisions now to be considered. 

A difficulty presented itself at the outset in respect 
to the families that included boys, girls, and young 
children, whose artistic tastes and capacities can seldom 
be fairly judged, while they are liable to be appraised 
too favourably by the compiler of the Family records, 
especially if he or she was one of their parents. As the 
practice of picking and choosing is very hazardous in 
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statistical inquiries, however fair our intentions may be, 
and as it in justice always excites suspicion, 1 decided, 
though with much regret at their loss, to omit the whole 
of those who were not adult. 

Sexual Digtribution . — ^Men and women, as classes, 
may differ little in their natural artistic capacity, 
but such difference as there is in adult life is some- 
what in favour of the women. Table 9b contains 
894 cases, 447 of men and 447 of women, divided 
into three groups according to the rank they hold in 
the pedigrees. These groups agree fairly well among 
themselves, and therefore their aggregate results may 
be freely accepted as trustworthy. They show that 
28 per cent, of the males arc Artistic and 72 are 
Not Artistic, and that there are 33 per cent. Artistic 
females to 67 who are Not Artistic. Part of this 
female superiority is doubtless to be ascribed to the 
large share that music and drawing occupy in the 
education of women, and to the greater leisure that 
most girls have, or take, for amusing themselves. If 
the artistic gifts of men and women are naturally the 
same, as the experience of schools where music and 
drawing are taught, apparently shows it to be, the 
small difference observed in favour of women in adult 
life would be a measure of the smallness of the effect 
of education compared to that of natural talent. Dis- 
regarding the distinction of sox, the figures in Table 
9b show that the number of Artistic to Non-Artistic 
persons in the general population is in the proportion 
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of 30^ to 69^. The data used in Table 22 refer to a 
considerably larger number of persons, and do not 
include more than two-thirds of those employed in 
Table 9b, and they make the proportion to be . 3 1 to 
69. So we shall be quite correct enough if we reckon 
that out of ten persons in the families of my B.F.F. 
correspondents, three on the average are artistic and 
seven are not 

Marriage Selection . — Table 9b enables us to ascer- 
tain whether there is any tendency, or any disinclination 
among the Artistic and the Non-Artistic, to marry within 
their respective castea It shows the observed fre- 
quency of their marriages in each of the three possible 
combinations ; namely, both husband and wife ai'tistic ; 
one artistic and one not ; and both not artistic. The 
Table also gives the calculated frequency of the three 
classes, supposing the pairings to be regulated by the 
laws of chance. There is I think trustworthy evidence 
of the existence of some slight disinclination to marry 
within the same caste, for signs of it appear in each 
of the three sets of families with which the Table 
deals. The total result is that there are only 36 per 
cent, of such marriages observed, whereas if there had 
been no disinclination but perfect indifference, the 
number would have been raised to 42. The difference 
is small and the figures arc few, but for the above 
reasons it is not likely to be fallacious. I believe the 
facts to be, that highly artistic people keep pretty much 
to themselves, but that the very much larger body of 
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moderately artistic people do not A man of highly 
artistic temperament mast look on those who are 
deficient in it, as barbarians ; he would continually 
crave for a sympathy and response that such persons 
are incapable of giving. On the other band, every 
quiet unmusical man must shrink a little &om the idea 
of wedding himself to a grand piano in constant action, 
with its vocal and peculiar social accompaniments ; but 
he might anticipate great pleasure in having a wife of 
a moderately artistic temperament, who would give 
colour and variety to his prosaic life. On the other 
hand, a sensitive and imaginative wife would be con- 
scious of needing the aid of a husband who had enough 
plain common-sense to restrain her too enthusiastic 
and frequently foolish projecta If wife is read for 
huslmnd, and husband for wife, the same argument 
still bolds true. 

liegresnioii . — Having disposed of these preliminaries, 
w'o will now examine into the conditions of the inherit- 
ance of the Artistic Faculty. The data that bear upon 
it are summarised in Table 22, where 1 have not cared 
to sej*arate the sexes, as my data are not numerous 
enough t«) allow of more subdivision than can be 
helped. Also, because from such calculations as I have 
made, the hereditary influences of the tvo sexes in 
respect to art appear to l)e pretty equal : as they are 
iu respect to nearly every other characteristic, exclu- 
sive of diseases, that 1 have examined. 

It is perfectly conceivable that the Artistic Faculty 
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in any person might be somehow measured, and its 
amount determined, just as we may measure Strength, 
the power of Discrimination of Tints, or the tenacity of 
Memory. Let us then suppose the measurement of the 
Artistic Faculty to be feasible and to have been often 
performed, and that the measures of a large number 
of persons were thrown into a Scheme. 

It is reasonable to expect that the Scheme of the 
Artistic Faculty would be approximately Normal in 
its proportions, like those of the various Qualities and 
Faculties whose measures were given in Tables 2 and 3. 

It is also reasonable to expect that the same law of 
inheritance might hold good in the Artistic P'aculty 
that was found to hold good both in Stature and in 
Eye colour; in other words, that the value of Filial 
Regression would in this case also be |. 

We have now to discover whether these assumptions 
are true without any help from direct measurement. 
The problem to l)c solved is a pretty one, and will 
illustrate the method by which many pr(»blems of a 
similar class have to Itc worked. 

Let the graduations of the scale by which the 
Artistic Faculty is supposed to be measured, be such 
that the unit of the scale shall be equal to the Q of 
the Art-Scheme of the general population. Coll the 
unknown M of the Art-Scheme of the population, P. 
Then, as explained in page 52, the measure of any 
individual will be of the form P + (± D), where D 
is the deviation from P. The first fact we have to 
deal with is, that only 30 per cent, of the population 
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are Artistic. Therefore no person whose Grade in the 
Art-Scheme does not exceed 70° can be reckoned as 
Artistic. Referring to Table 8 we see that the value 
of D for the Grade of 70° is -f 0'78 ; consequently the 
art-measure of an Artistic person, when reckoned in 
units of the accepted scale, must exceed P-l-0‘78. 

The average art-measure of all persons whose Grade 
is higher than 70°, may be obtained with sufficient 
approximation by taking the average of all the values 
given in Table 8, for every Grade, or more simply 
for every odd Grade from 71° to 99° inclusive. It 
will be found to be l'7l. Therefore an artistic 
person has, on the average, an art-measure of 
P + 171. We will consider persons of this measure 
to be representatives of the whole of the artistic por- 
tion of the Population. It is not strictly correct to 
do so, but for approximative purposes this rough and 
ready method will suffice, instead of the tedious process 
of making a separate calculation for each Grade. 

The M of the Co-Fraternity born of a group of 
Mid-POTonts whose measure is P -I- 171 will be 
P -I- (I X 171) or (P -I- 1’4). We will call this value 
C. The Q of this or any other Co-Fratemity may be 
expected to bear approximately the same ratio to the 
Q of the general population, that it did in the case 
of Stature, namely, that of 1 '5 to 1 7. Therefore the 
Q of the Co-Fraternity who are born of Mid-Parents 
whose Art-measure is C, will be 0*88. 

Tire artistic members of this Co-Fraitemity will be those 
whose measures exceed {P 0*78). We may \4Titc this 
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value in the form of {(P -f 1’4)— 0’36}, or {C — 0*36}. 
Table 8 shows that the Deviation of— 0*36 is found 
at the Grade of 40”. Consequently 40 per cent of 
this Co-Fnitemity will be Non-Artistic and 60 per cent 
will be Artistic. Observation Table 23 shows the 
numbers to be 36 and 64, which is a very happy 
agreement 

Next as regards the Non- Artistic Parents. The Non- 
Artistic portion of the Population occupy the 70 first 
Grades in the Art-Scheme, rind may be divided into 
two groups ; one consisting of 40 Grades, and standing 
between the Grades of 70” and 30”, or between the 
Grade of 50° and 20 Grades on either side of it, tlie 
average Art-nu^asurc of whom is P ; the otht*r group 
standing below 30°, whose average m(*asure maybe taken 
to be P — 1*71, for the sjime reason that the grouj) 
above 70° was taken as P -h 1*71. (^msequontly thi* 
average measure of tlie entire Non-Artistic ehiss is 
-.1, {(40 X P) -h 30 (P - 1*71)} 

= P - X 1-71 =: P - 073. 
Supposing Mid-Parents of this measure, to reprc-seiit the 
entire Non-Artistic group, their offspring will be. a Co- 
Fraternity having for their M the value of P — {? x 0*73) 
or P — 0*49, which we will call C\ and for their Q the 
value of 0*88 as before. 

Such among them as exceed {P — 0*78), which we 
may write in the form of {(P — 0*49) + (1*27)}, or 
{C' + 1*27}, are Artistic, and thty are those ivlio, 
according to Table 8, rank higher than the Grade 83'. 
In other words, 83 jkt cent, of the children of Noii- 

M 
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Artistic parents will be Non- Artistic, and the re- 
of 17 per cent, will be Artistic. Observation 
gives the values of 79 and 21, which is a very fair 
coincidence. 

When one parent is Artistic and the other Not, their 
joint hereditary influence would be the average of the 
above two cases ; that is to say, ^ (40 + 83), or 61^ 
per cent of their children would be Non-Artistic, and 
4 (60 + 17), or 38 J, would be Artistic. The observed 
numbers are 61 and 39, which agree excellently well. 

Wc may therefore conclude that the same law of 
Regression, and all that depends upon it, which governs 
the inheritance both of Stature and Eye-colour, applies 
equally to the Artistic Faculty. 

Effect of Bias in Marriage . — The slight apparent 

disinclination of the Artistic and the Non-Artistic to 

• 

mjirry in their own caste, is hardly worth regarding, 
but it is right to clearly understand the extreme effect 
that might be occasioned by Bias in Marriage. Suppose 
the attraction of like to like to become paramount, so 
that each individual in a Scheme married his or her 
nearest available neighbour, then the Scheme of Mid- 
Farcuts would be practically identical wi th the Scheme 
drawn from the individual members of the population. 
In the case of Stature their Q would be 1*7 inch, instead 
of 1 ‘7 divided by \/2. The regression and subsequent 
dispersion remaining unchanged, the Q of the offspring 
would consequently be increased. 

On the other hand, suppose the attraction of contrast 
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to become suddenly paramount, so that Grade 99* 
paired in an instant with Grade 1*; next 98* with 2*; 
and so on in order, until the languid desires of 49* and 
51* were satisfied last of all* Then every one of 
the Mid-Parents would be of precisely the same stature 
P. Consequently their Q would be zero ; luul that of 
the system of the Mid-Co-Fraternities would be zero 
also ; hence the Q of the next generation would con- 
tract to the Q of a Co-Fraternity, that is to 1 ’5 inch. 

Whatever might be the character or strength of the 
bias in marriage selection, so long as it remains constant 
the Q of the population would tend to become con- 
stant also, and the statistical resemblance* between 
successive generations of the future Population would 
be ensured. The stal)ility of the balance between the 
opposed tendencies of Regression and of Co-Fratxjrnal 
expansion is due to the Regression increasing with the 
Deviation, Its eflect is like that (»f a spring acting 
against a weight ; the spring stretches until its gradually 
increasing resilient force balances the steady pull of the 
weight, then the two forces of 82 )ring and weight are 
in stable equilibrium. For, if the weiglit be lifted by the 
band, it will obviously fall down again as soon as the 
hand is withdrawn ; or again, if it l>e depressed by the 
hand, the resilience of the spring will become increase^l, 
and the weight will rise up again when it is left free to 
do so. 



CHAPTER X. 

1>18EASK. 

Pruliniinary Pn>blciu.“ Dalu. — Truatworthiiiess of R.F.F. Data. — Mixture 
of I uheritiiiicep. — Consumption : General Remarks; Parent to Child; 
Distribution of Fnilemities ; Severely Tainted FraterniticB ; Con- 
Huniptivity. — Data for Heieditary Diseases. 

The vital statistics of a population are those of a 
vast army marching rank behind rank, across the 
treacherous table-land of life. Some of its members 
drop out of sight at every step, and a new rank is ever 
rising up to take the place vacated by the rank that 
preceded it, and which has already moved on. The popu- 
lation retains its peculiai-ities although the elements of 
which it is composed are never stationary, neither are 
the same individuals present at any two successive 
epochs. In these respects, a population may be com- 
pared to a cloud that seems to repose in calm upon a 
mountain plateau, while a gale of wind is blowing 
over it. The outline of the cloud remains unchanged, 
although its elements are in violent movement and in 
a condition of perpetual destruction and renewal. The 
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well understood cause of such clouds is the deflection 
of a wind laden with invisible vapour, by means of 
the sloping flanks of the mountain, up to a level at 
which the atmosphere is much eohler and rarer than 
below. Part of the invisible vapour with which the 
wind was charged, becomes thereby condensed into the 
minute particles of water of which clouds are formed. 
After a while the process is reversed. The particles 
of cloud having be<‘n carried by the wind across the 
plateau, are swept down the other side of it again to a 
lower level, and during their descent they n^turn into 
invisible vapour. Both in the cloud and in the 
population, there is on the cue hand a continual sujiply 
and inrush of new individuals from th<‘ uiist'cn ; they 
remain a while as visible objects, and then disappear. 
The cloud and tlic population are composed (»f elements 
that resemble each other in tin* br<‘vity of tlicir exist- 
ence, wliilc the general features f»f the cloud and of the 
population are alike in that they abide. 

PreUminary ProUvm , — The proportion of tlic 
population that dies at each age, is w’ell known, and tlie 
diseases of wliich they die are also well known, but tJic 
statistics of hereditary disease are as yet for the most 
part contradictory and untrustworthy. 

It is most desirable as a preliminarj" to more minute 
inquiries, that the causes of death of a large numlxjr of 
persons should be traced during two successive genera- 
tions in somewhat the same broad way that Stature 
and several other peculiarities were traced in the pro 
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ceding chapters. There are a certain number of recog- 
nized groups of disease, which we may call A, B, C, Ac., 
and the proportion of persons who die of these diseases 
in each of the two generations is the same. The pre- 
liminary question to be determined is whether and to 
what extent tliose who die of A in the second genera- 
tion, arc more or less often descended from those who 
died of A in the first generation, than would have been 
the case if disease were neither hereditarily transmitted 
nor clung to the same families for any other reason. 
Similarly as regards R, C, D, and the rest. 

This in(]uiry would be more difficult than those 
hitherto attempted, because longevity and fertility are 
both affected by the state of health, and the circum- 
stances of home life and occupation have a great effect 
in causing and in checking disease. Also because the 
father and mother are found in some notable cases to 
contribute diseaw; in very different degrees to their 
male aitd female descendants. 

I had hoped oven to the last moment, that my 
collection of Family Records would have contributed 
in some small degree towards answering this question, 
but after many attempts 1 find them too fragmentary 
for the purpose. It was a necessary condition of success 
to have the completed life-histories of many Fraternities 
who were born some seventy or more years ago, that 
is, during the earlier part of this century, as well as 
those of their parents and all their uncles and aunts. 
My Records contain excellent material of a later date, 
that will be valuable in future years ; but they must 
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bide their time ; they are insufficient for the period in 
question. By attempting to work with incompleted life 
histories the risk of serious error is incurred. 

Data . — The Schedule in Appendix G, which is illus- 
trated in more detail by Tables A and B that follow it, 
shows the amount of information that I had hoped to 
obtain from those who were in a position to furnish 
complete returns. It relates to the “ Subject ” of the 
pedigree and to each of his 14 direct ancestors, up to the 
great-grandparents inclusive, making in all 15 persons. 
Also, to the Fraternities of which each of these 15 per- 
sons was a member. Reckoning the total average 
number of persons in each fraternity at 5, which is 
under the mark for my R.F.F collection, questions 
'were thus asked concerning an average of 75 different 
persons in each family. The total numt>er of the 
Records that I am able to use, is about 160; so the 
aggregate of the returns of disease ought to have been 
about twelve thousand, and should have included the 
causes of death of perhaps 6,000 of them. As a matter of 
fact, I have only about one-third of the latter number, 

Trustioorihiness of R.F.F. data . — The first object was 
to ascertain the trustworthiness of the medical informa- 
tion sent to me. There is usually much disinclination 
among families to allude to the serious diseases that 
they fear to inherit, and it was necessary to learn whether 
this tendency towards suppression notably vitiated the 
returns. The test applied was both simple and just. 
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If consumption, cancer, drink and suicide, appear among 
the recorded cases of death less frequently than they do 
in ordinary tables of mortality, then a bias towards 
suppression could be proved and measured, and would 
have to be reckoned with ; otherwise the returns might be 
accepted as being on the whole honest and outspoken. 

T find the latter to be the case. Sixteen per cent, of 
the causes of death (or 1 in 6|) are ascribed to consump- 
tion, 5 per cent, to cancer, and nearly 2 per cent, 
to drink and to suicide respectively. Insanity was not 
specially asked about, as I did not think it wise to put 
too many disagreeable questions, however it is often 
mentioned. I dare say that it, or at least eccentricity, 
is not un frequently passed over. Careful accuracy in 
framing the replies appears to have been the rule rather 
than the exception. In the preface to the blank forms 
of the Itecor(h of Family Faculties and elsewhere, I bad 
explained my objects so fully and they were so reason- 
able in themselves, that my correspondents have 
evidently entered with interest into what was asked for, 
and shown themselves willing to trust me freely with 
their family histories. They seem generally to have 
given all that was known to them, after making much 
search and many inepuries, and after due references to 
registers of deaths. The insufficiency of their returns 
proceeds I feel sure, much less from a desire to suppress 
unpleasiint truths than from pure ignorance, and the 
latter is in no small part due to the scientific ineptitude 
of the mass of the members of the medical profession 
two and more generations ago, when even the stetho- 
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scope was unknown. They were then incompetent to 
name diseases correctly. 

Mixture of Inheritances . — The first thing that struck 
me after methodically classifying the diseases of each 
family, in the form shown in the Schedule, was their 
great intermixture. The Tables A and B in Appendix G 
are offered as ordinary specimens of what is everywhere 
to be found. They are actual cases, except that I have 
given fancy names and initials, and for further conceal- 
ment, have partially transposed the sexes. Imagine an 
intermaiTiage between any two in the low’cr division of 
these tables, and then ci»nsider the variety of inheritable 
disease to w’hich their children wouhl Ikj liable ! The 
problem is rendered yet more complicated by the 
metamorphoses of disease. The disease A in the parent 
<loe8 not necessarily appear, even wdien inherited, os A in 
the children. We know veiy little indeed about the 
effect of a mixture of inheritable diseases, how far they 
are mutually exclusive and how far they blend ; or how 
far when they blend, they change into a third form. 
Owing to the habit of free inter-marringe no person can 
be exempt from the inheritance of a vast variety of 
diseases or of special tendencies to them. Deaths by 
mere old age and the accompanying failure of vital 
powers without any well defined malady, are very 
common in my collection, but I do not find as a rule, 
that the children of persons who die of old age have any 
marked immunity from specific diseases. 

There is a curious double appearance in the Records. 
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the one of an obvious hereditary tendency to disease 
and the other of the reverse. There are far too many 
striking instances of coincidence between the diseases of 
the parents and of the children to admit of reasonable 
doubt of their being often inherited. On the other hand, 
when I hide with my hand the lower part of a page such 
as those in Tables A and B, and endeavour to make 
a forecast of what I shall find under my hand after 
studying the upper portion, I am sometimes greatly mis- 
token. Very unpromising marriages have occasionally 
led to good results, especially where the parental disease 
is one that usually breaks out late in life, as in the case 
of canc<?r. The children may then enjoy a fair length 
of days and die in the end of some other disease ; 
although if that disease had ])cen staved off it is quite 
possible that the cancer would ultimately have appeared. 
1 have two remarkable instances of this. In one of 
them, three grandparents out of four died of cancer. In 
each of the fraternities of which the father and mother 
were members, one and one person only, died of it. 
As to the children, although four of them have lived to 
past seventy years, not one has shown any sign of 
(“anccr. The other case differs in details, but is equally 
remarkable. However diseased the parents may be, it 
is of course possible that the chihlren may inherit the 
healthier constitutions of their remoter ancestry. Pro- 
mising looking marriages are occasionally found to lead 
to a sickly progeny, but my materials are too scanty to 
})crmit of a thorough investigation of these cases. 

The general conclusion thus far is, that owing to 
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the hereditary tendencies in each person to disease 
being usually very various, it is by no means always 
that useful forecasts can be made concerning the health 
of the future issue of any couple. 

Consumption. 

General Remarks , — The frequency of consumption 
in England being so great that one in at least every six 
or seven persons dies of it, and the fact that it usually 
appears early in life, and is therefore the less likely to 
be forestalled by any other disease, render it an appro- 
priate subject for statistics. The fact that it may be 
acquired, although there has been no decided hereditary 
tendency towards it, introduces no serious difficulty, 
being more or less balanced by the opposite fact that it 
may be withstood by sanitiiry i)recautions although a 
strong tendency exists. Neither does it seem worth 
while to be h5q)ercritical and to dwell overmuch on the 
different opinions held by experts as to what constitutes 
consumption. The ordinaiy symptoms arc j>atent 
enough, Jind arc generally recognized ; so we may In; 
content at fii-st with lax definitions. At the same 
time, no one can be more strongly impressed than 
myself with the view that in proportion as wc desire 
to improve our statistical vrork, so w’e must ])c in- 
creasingly careful to divide our material into truly 
homogeneous groups, in order that all the cases con- 
tained in the same group shall be alike in every 
important particular, differing only in petty details. 
This is far more important than adding to the number 
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of cases. My material admits of no such delicacy of 
division ; nevertheless it leads to some results worth 
mentioning. 

In sorting my eases, I included under the head of 
Consumption all the causes of death described by one or 
the other following epithets, attention being also paid 
to the context, and to the phraseology used elsewhere 
by the same writer; — Consumption; Phthisis; Tuber- 
cular disease ; Tuberculosis ; Decline ; Pulmonary, or 
lung disease ; Lost lung ; Abscess on lung ; Hsemorrhage 
of lungs (fatal) ; Lungs affected (here especially the 
context was considered). All of these were reckoned 
as actual Consum|ttion. 

In addition to these there were numerous phrases of 
doubtful import that excited more or less reasonable 
suspicion. It may be that the disease had not sufii- 
ciontly declared itself to justify more definite language, 
or else that the phrase employed was a euphemism to 
veil a harsh truth. Paying still more attention to the 
context than before, 1 classed these doubtful coses 
under three heads : — (I ) Highly suspicious ; (2) Susjn- 
cious ; (3) Somewhat suspicious. They were so rated 
that four cases of the. first should be reckoned equivalent 
to three coses of actual consumption, four cases of the 
second to two coses, and four of the third to one cose. 

The following is a list of some of the phrases so dealt 
with. The occasional appenmnee of the same phrase 
under different headings is due to differences in the 
context : — 

1. Highly sutynetous : — ^Consumptive tendency. Con- 
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sumption feared, and died of bad chill. Chest colds 
with pleurisy and congestion of lungs. Died of an 
attack on the chest. Always delicate. Delicate lungs. 
Hsemorrhage of lungs. Loss of part of lung. Severe 
pulmonary attacks and chest affections. 

2. Suspicions : — Chest complaints. Delicate chest. 
Colds, cough and bronchitis. Delicate, and died of 
asthma. Scrofulous tendency. 

3. Somewhat suspicious : — Asthma when young. Pul- 
monary congestion. Not strong; anmmic. Delicate. 
Colds, coughs. Debility ; general weakness. [The con- 
text was especially considered in this grouj).J 

Parent to Child . — I liave only four cases in which both 
parents were consumptive ; these will be omitted in the f(»l- 
lowing remarks ; but whether included or not, the results 
would be unaltered, for they run parallel to the rest. 

There are 06 marriages in which one parent was 
consumptive; they produced between them 413 chil- 
dren, of whom 70 were actually consumptive, and others 
who were suspiciously so in various degrees. When 
reckoned according to the above method of computation, 
these amounted to 37 cases in addition, forming a total 
of 107. In other words, 26 per cent, of the children 
vrere consumptive. Where neither parent was consump- 
tive, the proportion in a small batch of well marked 
cases that 1 tried, w'as as high as 18 or 19 per cent., but 
this is clearly too much, as that of the general population 
is only 16 per cent. Again, by taking each fraternity 
separately and dividing the quantity of con.sumption in 
it by the number of its mcmbei's, I obtained the average 
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consumptive taint of each fraternity. For instance, if 
in a fraternity of 10 members there was one actually 
consumptive member and four somewhat suspiciously ” 
so, it would count as a fraternity of ten members, of 
whom two were actually consumptive, and the average 
taint of the fraternity would be reckoned at one-fifth 
part of the whole or as 20 per cent. 

Treating each fraternity separately in this way, and 
then averaging the whole of them, the mean taint of 
the children of one consumptive parent was made out 
to be 28 per cent. 

Distribution of Fraternities . — Next I arranged the 
fraternities in such way as would show whether, if we 
reckoned each fraternity as a unit, their respective 
amounts of consumptive taint were distributed ‘‘nor- 
mally or not. The results are contained in line A of 
the following table ; — 


C OF having VAKIOT'8 rKlirKNTAGEH OF TaINT. 



Pfirevntages of Taiat. 

0 

and 

under ! 
9 i 

f 

» 

i 

10 

and 

under 

19 

20 
and 
under 
29 1 

SO 

and 

under 

39 

40 

and 

al»ove 

Total. 

A. 66 casefl, one 
parent con- 
sumptive. 

1 

1 

27 

20 

9 

15 

29 

100 

1 B. 84 cases, one 
j brother con- 

j siunptive. 

t 

1 

49 

14 

10 

13 

\ 

14 

100 
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They struck me as so remarkable, in the way shortly 
to be explained, that I proceeded to verify them by as 
different a set of data as my Records could afford. I 
took every fraternity in which at least one member 
was consumptive, and treated them in a way that would 
answer the following question. “ One member of a 
fraternity, whose number is unknown, is consumptive ; 
what is the chance that a named but otherwise un- 
known brother of that man will be consumptive also ? ” 
The fraternity that was taken above as an example, 
would be now reckoned as one of nine members, of 
whom one was actually con6umj)tive. There were 84 
fraternities available for the pix*sent j)iirposc, and f he 
results arc given in the line B of the table. The data 
in A and B somewhat overlaj*, but for the most part 
they differ. 

They concur in telling the same talc, namely, that it 
is totally ira]) 08 siblo to torture the figures so as to make 
them yield the 8ingle-hum])ed “ (Uirve of Frefjuency ’’ 
(Fig. 3 p. 38). They make a distinctly double-humped 
curve, w'hoae outline is no more like the normal curve 
than the bock of a Bacttiaii camel is to that of an 
Arabian camel. Consumptive taints reckoned in this 
way are certainly not “ normally ” distributed. They 
depend mainly on one or other of two group.s of causes, 
one of which tends to cause complete immunity and 
the other to cause severe disease, and these two groups 
do not blend freely together. Consumption tends to 
be transmitted strongly or not at all, and in this rcs|)ect 
it resembles the baleful influence ascribed to cousin 
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marriages, which appears to be very small when 
statistically discussed, but of whose occasional severity 
most persons have observed examples. 

I interpret these results as showing that consumption 
is largely acquired, and that the hereditary influence of 
an acquired attack is small when there is no accom- 
panying “ malformation.” This last phrase is intended 
to cover not only a nan'ow chest and the like, but what- 
ever other abnormal features may supply the physical 
basis u[>on which consumptive tendencies depend, and 
which 1 [>rcsuine to be os hercditiiry iis any other 
malformations. 

Severely-tainted Fraternities. — Pursuing tlie matter 
further, I selected those fraternities in which consump- 
tion was especially frequent, and in which the causes of 
the deaths both of the Father and of the Mother were 
given. They were 14 in number, and contained be- 
tween them a total of 102 children, of whom rather 
more than half died before the age of 40. Though 
records of infant deaths were asked for, I doubt if 
they have been fully supplied. As 102 difiers little 
from 100, the following figures will serve as j.>cr- 
centages : 42 died of actual consumption and 11 others 
of lung disease variously described. Only one case 
W'as described os death from heart disease, but weakness 
of the heart during life was spoken of in a few* cases. 
The remaining causes of death were mostly undescribed, 
and those that w'crc named present no peculiarity worth 
notice. I then took out the causes of death of the 
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Fathers and Mothers and their ages at death, and 
seTerally classified them as in the Table below. It 
must be understood that there is nothing in the Table 
to show how the persons were paired. The Fathers are 
treated as a group by themselves, and the Mothers as a 
sc^panite group, also by themselves. 


CAUSKM op DraTII op TUR PaUENTM op TIIOBP. FRATRltNlTlKH l.N WHICH 

*N Ouiiatly PhKVAILI'.O. 


, Oolcr of 

aStu!| a«ath.‘ 




1 

1 

F. 

! u. 

Aathiiia 

• • 

. 40 


40 

Brouchitu hU 

(NniHiiniption . . . 

. 43 


42 

Jnf. kidricvfi and bronchitiH . 73 


. 47 


43 

Abacoatt of liver through lungial 

Conauiiijdiuu . . . . 

. f»& 

«2 

44 

Heart 

('ousu nipt ion . . . . 

. 65 

08 

47 

Heart 

roriKumption . . . . 

. Vm\ 

7u 

50 

A|H>|»lcxy 

Water on rheut . , . 

. On 

73 

58 

Ai>niiVxy 

Weuk chfjit .... 

(alive) 

74 

rtO 

Ap(»i.d«}xv . . 78 

U br. and 2 iw. d. of cunx. i 

74 


l>t!cay 74 

Htemorrbage of lungs 

. 44 

75 


Cancer 

Owificatiiin of heail . 

. 50 

76 


Senile gniigreiie 

Noms bleeding . . . 

. 83 

78 

74 

<2 bros. d. of cancer). 

Cancer 

. 42 


83 

Morti6(Vitioij of toi* ... 59 

Atrophy 

. 73 




Accidt'iit Age 74 

(3 broti. aud 2 bs. d. of cotiM.) 


Very little account ia given of the frateruiticn to which the hithcrN a ad 
inothere Ixdong, and notiiiug of iiitereat licyoud what in included in the above. 

The contrast is here most striking between the 
tendencies of the Father and Mother to transmit a 
serious consumptive taint to their childrt;ri. The cases 
were selected without the slightest bias in favour of 
showing this result ; in fai^t, such is the incapacity to 
see statistical facts clearly until they are pointed out, 
that 1 had no idea of the extraordinary tendency on 

N 



178 


NATURAL INHERITANCE. 


[chap. 


tlic part of the mother to transmit consumption, as 
shown in this Table, until I had selected the cftses and 


nearly finished sorting them. Out of the fourteen 
families, the mother was described as actually dying 
of (‘Oiisumption in six enses, of lung complaints in two 
otln'rs, and of having highly consumptive tendencies 
in another, making a total of nine eases out of the 
fourteen. ( )n the other hand the Fathers show hardly 
any consumptive taints. One was described as of a 
V(*ry eonsunjptive fraternity, though he hims(‘lf died of 


an aeeitlent ; and anotluu* who was still alive had suffered 


from an abs<a‘ss of the liver that l)roke through the 
lungs. ll(*y(mil th(‘se there is nothing to indicate 
<'onsumption on the Fathers* side. 

Another way of looking at the matter is to compare 
the ag('s at death of tin* Mothers and of the Fathers 
n*speetively, ns has been done at tin* side of the Table, 
when we s('e a notable difference between them, the 


Mid-ag<* of the Mothers being 58, as against 73 of 
the Fathers. 


Tlie only other group of diseas(*s in my collection, 
that atfords a fair number of instances in which frater- 


nities are greatly affected, are those of the Heart. 
Tin' instances are only nine in number, but I give an 
analysis of them, not for any value of their own, but 
in order to bring the peeiiliurities of the consumptive 
fraternities moi*e strongly into relief by means of com- 
jMirisoii. In one of tliesc there was no actual death 
fn^in heart disease, though throe had weak hearts and 
two others had rheumatic gout and fever. Tliese nine 
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families contained between them sixty-nine cluldron, 
being at the rate of 7*7 to a family. The number of 
deaths from heart disease was 24 ; from ruptin*ed 
blood vessels, 2 ; from consumption and lung disciise, 
8 ; from dropsy in various fi^rms, 3 ; from apoph'xy, 
pandysis, and (Epilepsy, 5 ; from suicide, 2 ; from 


Cai'srs ok Death ok the rAitrsTs nv those FiiATKiiNniEs in winni 

11 EMIT Disease Tkev aii.f.h. 


Ctiust'fi of death. 


at death. 


(h-dor of 
sut iloatli. 



F:ith<*r. 

MolloT. 

K. 

.M. 

Ilwirt 

iO 


5;t 

(U 

AjM>jdt‘xy Aiid rarulysia . 

Cnnsuniption , . , . , 

74, 7S 


55 

tJ-i 

Asthma 

7(1 


70 

7o 

(iout 

55 


70 

72 

Oaii^n'iin . . . 



74 

74 

Tumour lu livoi .... 
Caiu’tT 

75 


i o 

77 

M 

Living .... 

L'ukiiown 

old. 



h5 


2 hill‘d, find 1 sih 
f/. of lu'.iit dise.'iKe 
and 1 of {•firuivsi.H 
ffl. 40 . 


cancer, 1. TImto Is no obvious diff’crencii l»etw<MUi the 
diseases of th(*ir Fathers and Mothers as .sh<»wn in the. 


Table, other tlian the smallness c>f the number of ease.H 
would account for. 'J’heir mid-ages at death w(*re 
closely the same, 70 and 72, and the ages in the two 
groups run alike. 

I must leave it to medical men to verify the amount 
of truth that may be contained in what I have deduced 
from these rasults concerning the distinctly sujKsrior 
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power of the mother over that of the father to produce 
a highly couBumptive family. Auy physician in large 
practice among (^onRumj)tive cases could test the ques- 
tion easily by reference to his note-books. A “ highly 
consumptiv(» ” fraternity may conveniently be defined 
as one in which at least half of its members have 
actually di(‘d of consumption, or else are so stricken 
that their ultimate deaths from that disease may be? 
n^cikontid upon. Also t^) avoid statistical accidents, the 
fraternities selected for the inquiry should bo large, 
consisting say of six (children and upwards. Of course 
the numerical j>roportions given by the above* 14 frater- 
nities are very rudi^ indications indi*ed of 1 lie results to 
which a thorough in<iuiry might be expected to lead. 

Accepting the general truth of the obsiTvation 
that consumptive mothers produce highly consumptive 
families miurh more commonly than consumptive fathers, 
it is easy to olfer what seems to be an adequat-i* ex- 
l>lanation. (Vmsumption is partly Jicquired by some 
form of contagion or infection, and is ]>artly an here- 
ditary malformation. Su far as it is due to the latter 
in the wide senst^ already given to the word “mal- 
formation,” it may perhaps be transmissible equally by 
either ]>arent. But so far as it is contagious or 
infectious, we must reeolleet that the child is pecu- 
liarly exposed during all the time of its existence 
before birth, to contagion from its mother. During 
infancy, it lies perhai>8 for hours daily in its mother s 
arms, and aftorwanls lives much by her side, closely 
caressed, and breathing the tainted air of her sheltered 
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rooms, riio exjJauation of the fact that wo have 
been discussing appcjirs therefore to W suiimu*d up in 
the single word — Infection. 


ConsumptiVity, — B(‘foro abandoning the t<»pio of 
liereditary consumj»tion, it may ]»o W(‘1I to diseu.ss it 
from the same* j)oint of view that was tak(‘n wlien 
discussing the artistic temperament. Consumption 
being so common in this country that fully oin* peison 
out of every six or seviui die uf it, and all furins (»f 
hereditary disease being intermixed through marriage, 
it follows that the whole jH)juilati<ui must be more or 
less tainted with consumption. That a condition whi<*h 
we may call “ C(»nMunj»tivity,” for want of a better 
word, may exist witln)ut showing any outward sign, 
is j^roved by the fact that as sanitary comlitions worsen 
by ever so little, more person.^ arc aHectcd l>y the 
disease. It seems a fair view to lake, that when tlie 
amount of consumj»tivity reacluis a nulain level, the 
symptoms of eonsumjition deelare thcnis(dv(‘s ; that 
when it aj»proaches but falls a little short of that level, 
tliere are threatening sym]»toms ; that when it falls 
far below the level, there is a fallaeious apjiearance of 
perfect freedom from consumj^tivily. We may reason - 
ably proceoil on the hypothesis that coiisuinptivity 
miirht somehow be measured, and that if its metisure- 
ment was ma<lc in caeh of any large group of persons, 
the niciisures would be distributed “ normal Iv. ’ 

So far we are on fairly safe ground, but now un- 
certainties begin u{>on which my data fail to throw 
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sufficient light. Longevity, mairiage, and fertility 
must all he affected by the amount of consumptivity, 
whereas in the case of the faculties hitherto discussed 


tljcy are not affected to any sensible extent. It how- 
ever happens that those influences tend to neutralize 
one anotlur. It is true that consumptive persons die 
early, and many of them before a marriageable age. 
Un the other hand, they certainly marry earlier as a 
rule than others, one cause of which lies in their 


fr(M|uent great aitrac'tivcness ; and again, when they 
marry, they produce children more cpiiekly than others. 
(^Jn.se(|uenlly those who die even long before middle 
age, often (*ontrive to leave large fiimilies. The greater 
rapidity with which the generations follow each other, 
is also a consideration of some importance. There 
is then'fore a fair d<»ubt whether a group of young 
])(*rsons destined to die of i‘onsiunplion, contribute 
considerably less to the. future population than an 
e(|ually larg<» group who are destined to die of other 
diseases. I will at all events a.ssuine that consumptivity 
dties not affi‘ct the numbers of the adult children, 
simply as a working hypothesis, and will afterwards 
compare its results with observed facts. 

1 should add that the question whether the sexes 
transmit consumption equally, lies outside the present 
work, at least for praeticid purjK)ses ; for whether they 
transmit it equidly or not would not affect the results 
materially. Our list of data is therefore limited to 
these : — that 1 6 per cent, of the population die of 
consumption, that consumptivity is normally distri- 
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butcd, and that the law of hereditary regression from 
a deviation of three units on the part of either 
parent to an average of one unit in the cliild, may 
be supposed to aj>ply here, just as it did to Stature 
and to the otlier sul)je*ets of the preeeding clia[»ters. 

Let the scale by which consumptivity is measured be 
such that the Q of the gemn-al population = 1. Let 
its M = N, when measured on the same scale ; the 
value of N is and will remain unknown. Let N -I- C 


be the number of units of (*onsumj)tivity that just 
amount to actual ('onsumj»tion. Our datji tell ns that 
16 per cent, of the population have an amoiuit of cnii- 
surnptivity that exceeds N -f 0. On relcrring to 
Table 8, we find tlie value of C that corn^sponds to iluj 
Grade of (lOO" — 16), or of 81", to be 1’47. Tliere- 
fore whencv(‘r the consumptivity of a exceeds 

N -f 1'47, he has actual consumiuion. 

Addinir t<»<ielher the* tabular values in Table 8 at all 
the odd gnides above 84", we shall find their averages 
value to be 2 '2:1. We may therefore assume (see [>. 160) 
that a group of persons each of wluun has a cousumpt- 
ivity of N + 2*23 will approximately represent all tlie 
grades above 84". The Co-Fraternity descended from 
such a grouj) will have an M whose value according 
to the law of Regression ought to be [ N 4- ^ (2*2:i)j 
or [N 4- O' 74 units.] 

Those members of the Co- Fraternity arc consumptive 
whose consumptivity exceeds N -4- 1*47 ; these are the 
same as those whose deviation from [N 4- 0*74] which 
is the M of the Co-Frateniitv, exceeds 4- 0*7:1 unit. 
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Let the Q of the Co-Fraternity he called n. The Grade 
at wlii(ih this amount of deviation occurs should be 
found it) Table 8 opposite to the value of 0*73 divided 
by n. 

Next as regards the value to be assigned to n, we 
may be assured that the Q of a Co-Fraternity cannot 
exriMMl that of the general population. Therefore n 
cannot exceed 1. In the case of Stature the relation 


between the Q of the Co-Fratcu’nity and that of the 
l'oi)ulation was found to be as 15 to 17. If the same 
proportion held good here, its value would be 0'9. 


J his is I think too high an estimate for the following 
rea.sons. Ihe variability of tlie ('o-Frateruity depends 
on two gi'oups of causes. First, on fraternal variabilitv ; 
wliicli itself is due in part to mixed ancestry, and in 
j>art to variety i)f nurture in the same Fraternity, both 
before as well «is after birth. Secondly, it depends uj)on 
the variety of ancestry and nurture in different Frater- 


niti<\s. As to the first of the two groups of causes, 
the} seem to affect consumptive fraternities in the same 


way iis others, but m»t so with respect to the second 
group. The household arrangements of vigorous, of 
moderately vigorous, and of invalided parents are 
not alike. I have already spoken of infection. There 
IS also a tradition in families that are not vigorous, of 
the necessity of avoiding risks and of never entering 
professions that involve physical hardship. There is 
no such tradition in fiimilies who are vigorous. Thus 
there must be much greater variabiUty in the environ- 
ments of a group of persons taken from the population 
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at large, than there is in a group of consumptive 
families. It would be quite fair to estimate the value 
of n at least as low as 0‘8. 

We have thus three values of n to try; viz. 1, 0’9, 
and 0*8, of which the first is scarcely possible and the 
last is much the more suitable of the other two. The 
corresponding values of 0*73 divided by ??, are -f 0.73, 
-I- 0*81, and -f 0*91. Referring to Table 8 wc find the 
Grades corresponding to those deviations to be 69, 71, 
and 73. We should therefore expect 69, 7 1, or 73 
per cent, of the Co-Fraternitj’' to be non-c‘6nsum])tive, 
acconling to the value of n we please to adopt, and 
the complement to those percentages, viz. 31, 29, or 27, 
to be consumiitive. Observation (p. 173), gave the value 
of 26 by one method of calculation, and of 2S by 
another. 

Too much stress must not be laid on this (joincidenee, 
because many important points had to be slurred ov(*r, 
as already explained. Still, the prirna facir result is 
successful, and enables us to say that so far as this 
evidence goes, the statistical method we have enjployed 
in treating consumjdivity seems correct, and that the 
law of heredity found to govern all the different far^ulties 
os vet examined, appears to govern that of corisum}»- 
tivity also, although the constants of the formula differ 
slightly. 

Data for Hereditary Diseases . — The knowledge of 
the officers of Insurance Companies as to the average 
value of unsound lives is by the confes.sion of many of 
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them far from being as exact as is desirable. [See, for 
example, the discussion on a memoir by G. Humphreys, 
Actuary to the Eagle Insurance Company, read before 
the Institute of Actuaries. — Insur, Mag, xviii. p. 178.] 
Considering the enormous money value concerned, it 
would seem well worth the while of the higher class 
of those offices to combine in order to obtain a collec- 
tion of completed cases for at least two generations, or 
better still, for three ; such as those in Examples A and 
li, Appendix G, but much fuller in detail. Being com- 
])leted and anonymous, there could be little objection 
on tile score of invaded privacy. They would have no 
]K*rce])tible effe<*t on the future insurances of descend- 
ants of the familic^s, even if tlii^.se were identified, and 
they would hiy the basis of a very much better 
knowledge of hereditary disease than we now possess, 
serving as a 8tt‘p for fresh deiiartures. A main point 
is that the casi-s should not be picked and chosen to 
su[>port any theory, but taken ;is they cmne to hand. 
Tliere must bo a vast amount of good material in 
existence at tlu‘ conunand of the medical officers of 
lnsuram:e CVunpanies. If it were combined iind made 
freely accessible, it would give material for many 
years’ work to competent statisticians, and would bo 
certiiin, judging from all experience of a like kind, 
to lead to unexpected result^^. 



CHAPTER XI. 


LATENT ELEMENTS. 


Latent Elements not 


very numerous.— Pure 
Hereditary Inquiry, 


ljrt‘ed.— Siinjilitieati«ui of 


Latent Elements not xhtij numerous , — It is not 
possilJe that inoro than one half of tlio varieties 
and number of etieh of the parental elements, latent 


or personal, can 


the average 


subsist 


th(j ofl- 


spring. For if every variety eontiibiited its repre- 


sentative, oat'h child would on 


average 


cniitain 


actually or p(»tentially twie.e the variety and twice, the 
number of the elements (whatever they may be) that 
were possessed at the same stage of its life by either 
of its panmts, four times that of any on<i of its 
grandparents, 1024 times a.s many as any one of 
its ancestors in the 10th degree, and so cm, which is 
absurd. Therefore as regards any variety of thcf entire 
inheritance, whether it be dormant or jicrsonal, the 
chance of its dropping out must on the whole be ecjual 
to that of its being retained, and only one half of the 
varieties can on the average Ik; passed on by inherit- 
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ance. Now we have seen that the heritage 

from either Parent is one quarter, therefore as the total 
heritage is one half, it follows that the Latent Elements 
must follow the same law of inheritance as the Personal 
ones. In other words, either Parent must contribute 
on the average only one quarter of the Latent 
Elem(‘nts, the remainder of them dropping out and 
their breed beeoming al)Holutely extinguished. 

There seems to lie much confusion in (uiiTcnt ideas 


about the extent to which ancestial qualities arc 
transmitted, Kujq»osing that what oecui\s occasionally 
must occur invariably. If a maternal grandparent be 
found to contribute some particular quality in one 
case, and a paternal grandpaicnt in anotluT, it seems 
to ho argu(‘d that both contribute elements in every 
case. This is not a fair inference, as will be seen by 
the foll<»wing illustration. A pack of playing cards 
consists, as we know, of 1 H cards of each sort — hearts, 


diamonds, spades, and clubs. Let these be shuffled 
together and a batch of 13 cards dealt out from them, 
forming the deal. No. 1, There is not a single card 
in tlu‘ entire jtack that may not appear in these 13, 
but assuredly tlnw do not all appear. Again, let the 
13 cards derived from the above paek, which wc will 
8Up|M»se to have green backs, be shuffled with another 
13 similarly obtained from a pack with blue backs, 
and that a deal, No. 2, of 13 cards be made from the 


combined batches. The result wdll be of the same kind 


as lH»fore. Any caixl of either of the tw’o original 
quicks may be found in the deal, No. 2, but certainly 
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not all of them. So I conceive it to be with hereditiiry 
transmission. No given pair can possibly transmit the 
whole of their ancestral qualities ; on the other hand, 
there is probably no descrij)tion of ancestor whose 
quabties have not been in some cases transmitted to 
a descendant. 

The fact that certtiin ancestral forms persist in breaking 
out, such as the zebra-looking stripes on the donkey, 
is no argument against this view. The reversion may 
fairly be ascribed to precisely the same cause that makes 
it almost impossible to wholly destroy the breed of 
certain weeds in a garden, iiia.^much as they are prolific 
and very hardy, and wage successful battle with their 
vegetable competitors whenever they are not heavily 
outmatched in numbers. 

If the IVrsonal and Lat(*iit Elements are transmitted 
oil the average in espial numbers, it is dilHcmlt to 
suppose that there can l»e much dilfenuice in their 
variety. 

«i 

Pure Bi 'ted . — In a prrfeclly pure breed, maintained 
during an indefinitely long period by careful selection, 
the tendency to regress towards the M of the general 
population, would disappear, so far as that tendency 
may be due to the inheritance of mediocre ancestral 
qualities, and not to causes connected with the relative 
stability of different types. The Q of Fraternal Devia- 



we called 6, would also diminish, b(*eause it is partly 
dependent on the children in the same family taking 
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variously after differcut and unlike progenitors. But 
the difference between h in a mixed breed such as we 
have been considering, and the value which we may 
call P, wliich it would have in a pure breed, would be 
v(*ry small. Suppose the Prob: Error of the implied 
Stature of each separate Grand-Parent to be even as 
great as th(^ Q of th(j general Population, which is 17 
inch (it would be less, but we need not stop to discuss 
its j)recis(‘ value), then the Prob : Error of the implied 
]\lid-(jirand-Parental stature would be \/‘lx 1’7 inch, or 
say 0*8 inch. Tlu? shar(‘ of this, whicli would on the 
average be trnnsmitt(‘d to the chil<l, would be only as 
much, or 0"2, From all the higher Ancestry, put 
logeth(*r, the contribution would be inindi less even than 
this small value, jind we may disr(‘gard it. It results 
that /r is a trifle greater than 0*04. But fc = l'0; 
therefore P is only a trifles less than 0*98. 

of llereilitary Imjninj, — These 
considerations make it probable that inquiries into 
human heredity may be much simplified. They assure 
us that the possibilities of inheritance are not likely to 
differ much more than the varieties actufdly observed 
among the members of a large Fraternity. If then we 
have full life-histories of the Parents and of numerous 
Uncles and Aunts on both sides, we ought to have a 
very fair basis for hereditary inquiry. Information of 
this limited kind Is incomparably more easy to obtain 
than that which I have hitherto striven for, namely, 
family histories during four successive generations. 



XI.] 


LATENT ELEMENTS. 


191 


When the “ children " in the pedigree are from 40 to 
55 years of age, their own life-histories are sufficiently 
advanced to be useful, though tln'V arc incomplete, 
and it is still easy for them to compile good histories 
of their Parents, Uncles, and Aunts. Friends who 
knew them all would still be alive, and nuniorous 


documents such as near relations or personal fiiends 
preserve, but which arc mostly destroyed at their 
dceea.se, would still exist. If I were und(*rtidcing 
a fresh inquiry in order to verify and to extend my 
previous work, it would be on this basis. 1 should not 
care to deal with jiny family that did not number at 
Ica-st six adult children, and the .same numlH'r of uncles 
and aunt.s on both the paternal and maternal .sides. 
Whatever could be learnt alaiut the grandjiarenis 
and their brothers and si.sters, would of cour.s(; be 


acceptable, a.s throwing further light. 1 should how- 
ever exjiect that tin* jteeuliarities ilistrilmted among 
any largo Fraternity of Uncles and Aunts would fairly 
indicate the variety of the Latent Elements in the 
Parent. The comjdete heritage of the child, on the 
average of many cases, might then be assigned as 
follows; One quarter to the j)er.s(tnal characteristics of 
the Father; one quarter to the average of the personal 
characteristics of the Fraternity taken as a whole, of 
whom the Father was one of the members; and simihu'ly 


as regards the Mother’s side. 



CHAPTER XII. 

SUMMAUY 

1'hk invostigatioii now coiicludtHl is basc^cl on the faot 
that the charaeteristic^s of any }K)pulation that is in 
haianony with its environment, may roimiin statistically 
ith*nlical during successive generationH. This is tnie 
for every churaeteristic whether it Ix^ affected to a great 
degree* by a natural selection, or only so slightly as to 
be practically independent of it. It was easy to sec 
in a vague way, that an etjuation admits of being based 
on this fact ; that the equation might serve to suggest 
a theory of descent, and that no theory of deseeut that 
failed to Siitisfy it (xmld possibly be true. 

A large part of the book is oeeupied with i»reparation8 
for putting this ecpiation into a working form. Obstacles 
in the way of doing so, which 1 need not recapitulate, 
appeared on every side ; they had to be confronted in 
turns, and then to l>e either evaded or overcome. The 
final result was that the higher methods of statistics, 
which consist in applications of the law of Frequency 
of Error, were found eminently suitable for expressing 
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the processes of heredity. liy tlieir aid, the desired 
equatiou was thrown into an exceedingly simple form 
of approximative accuracy, and it became easy to 
compare both it and its consequences with the varied 
results of observation, and tluuice to deduce numerical 
results. 


A brief ac<*oiuit of the chief hereditary proccss(*s 
occupies the tirst part of the book. It was inscrtt‘d 
]u*incipally in order to show that a reasonable a jtriori 
jirobability existed, of the law of Fn*(]uency of Error 
being found to apj)!}' to them. It was not ne(*cssary for 
that purpose to embarrass our.sclves with any details 
of theories of heredity beyond the fact, that descent 
either was partieulal(* or acted as if it wt*re so. I need 
hardly say that tlic idea, though not the [diraso of 
jiarticulate inhcritaiiee, is borrowed from Oarwin's j>ro- 
visional theory of Pangenesis, but there is no need in 
the present iinpiiry to borrow imnij from it. Neither 
is it requisite to take Wtussmanirs vi(*ws into aecount, 
unless I am luistiiken as to their 8c(»pe. It is freely 
conceded tliat particulate inheritance is not the onh 
factor to be reckoned with in a complete theory of 
lieredity, but that the stability of the organism has also 
to be regarded. This may perhaps become a factor of 
great imjiortancc in forecasting the i.ssue of highly bred 
animals, but it was not found to exereise an\' sensible 
influence on those calculations with which this book is 


chiefly concerned. Its existence has therefore l>ecn only 
noted, and not otherwise taken into account 

The data on which the results mainly depend had to be 
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collected spcciiilly, as no suitable material for the purpose 
was, so far as I know, in existence. This was done by 
means of an offer of prizes some years since, that placed 
in my hands a collection of about 160 useful Family 
Records. These furnished an adequate though only 
just an ade(juate supply of the required data. In order 
to show tlui degree of dependence that might be placed 
on them they were subjected to various analyses, and 
the result proved to be even more satisfactory than 
might have been fairly lioped for. Moreover the errors 
in the Records probably affect different generations in 
the same way, and would thus be eliminated from the 
comparative results. 

As soon as the ehara(*ter of the problem of Filial descent 
liad become well understood, it was seen that a general 
equation of the same form as that by w'hich it 
expressed, also expressed the connection between Kins- 
men in every degree. The unexpected law of universal 
Regression became a theoretical necessity, and on 
appealing to fact its existence was found to be con- 
spicuous. If the word “ peculiarity ” be used to signify 
the difference between the amount of any faculty pos- 
sessed by a man, and the average (»f that possessed 
b)^ the population at large, then the law^ of Regression 
maybe described as follow's. Each peculiarity in a m«an 
is shared by his kinsmen, but on the aveixage in a less 
degree. It is reduced to a definite fraction of its 
amount, quite independently of wdiat its amount might 
be. The fraction differs in different orders of kinship, 
becoming smaller as they are more remote. When the 
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kinship is so distant that its effects are not worth takinji^ 
into account, the peculiarity of the man, liowcvor re- 
markable it may have been, is reduced to zero in his 
kinsmen. This apparent paradox is fundamentally due 
to the greater frequency of mediocre deviations than of 
extreme ones, occurring between limits separated by 
equal widths. 

Two causes affect family resomblanee ; the one is 
Heredity, the other is Circumstance. That whif-h is 
transmitted is only a sample taken partly through the 
operation of “accidents,” out of store of otlicrwis(‘ un- 
used material, and circumstance must always play a 
large part in the scl(*ction of the sampler, f Circumstance 
comprises all the additiomal accidents, and all the pecu^ 
liaritiesof nurture both before and after birth, and (*very 
influence that may conduce to make the chara(*teristics 
of one brotlier difler from thf^se of aimtlier. The 


circumstances of nurture are more varie<l 


in Co -Fra- 


ternities than in Fraternities, and 


tlie Grandparents 


and previous ancestry of members of (’o-Fratt*rnities 
differ; consequently (\)-Fraternals differ among them- 
selves more w'idcly than Frateruals. 

The average contributions of each separate ancestor 
to the heritage of the child were detomined apf)ar(‘ntly 
within narrow limits, for a couple of generations at 
least. The results proved to lx* very simple; they 
assign an average of one ijuarter from ear*h parent, 
and one sixteenth from each grandparent. According 
to this geometrical scale continued indefinitely back- 
wards, the total heritage of the child would be 
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accounted for, but the factor of stability of type has 
to he reckoned with, and this has not yet been 
adequately discussed. 

The ratio of filial Regression is found to be so bound 
up with cu-fraternal variability, that when either is 
given the other can be calculated. There are no 
means of deducing the measure of fraternal variability 
solely from that of co-fraternal. They differ by an element 
of which the value is thus far unknown. Consequently 
the measure of fraternal variability has to be calculated 
separately, and this cannot be done directly, owing to 
the small size of human families. Four different and 
indirect methods of attai'kiug the problem suggested 
themselves, but the calculations were of too delicate a 
kind to justify r(‘liance on the K.F.F. data. Separate 
and more accurate measures, suitable for the purpose, 
had therefore to be collected. The four j>rol)lems were 
then solved by their means, and although different 
groups of these measures had to be used with the 
different problems, the results were found to agree 
together. 

The problem of expressing the relative nearness of 
different degrees of kinship, down to the point where 
kinship is so distjint as not to be worth taking into 
aceoiuit, was easily solved. It is merely a question of 
the amount of the llegressiou that is appropriate to the 
ditfinmt degrees of kinship. This admits of being 
direetly obseiwod when a suHiciency of data ai*e acces* 
siblc, or else of being Ciilculated from the values found 
in this iiupiiry. A table of these Regressions was given. 
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Finally, considerations were offered to show that 
latent elements probably follow the same law os personal 
ones, and that though a child may inherit qualities from 
any one of his ancestors (in one case from this one, and 
in another case from another), it does not follow that the 
store of hidden property so to speak, that exists in any 
parent, is made up of contributions from all or even 
very many of his ancestry. 

Two other topics may be mentioned. Iteason 
was given in p. 16 why experimenters uj>on the 
transmission of Acquired Faculty should not be dis- 
couraged on meeting with no affirmative evidence 
of its existence in the first geinTation, because it 
is among the grandchildren rather than among tint 
children that it sliould be looked for. Again, it is 
hardly to be cxpecU-d that an anpured faculty, if 
transmissible at all, would be transmitted without dilu- 
tion. It could at the best be no more than a variation 
liable to Kegres.sion, which would probably so nnu-h 
diniini.sh its original amount on passing to the grand- 
children as to render it barely recognizable. The 
difficulty of devising experiments on the transmission 
of acquired faculties is much increa.sed by these 
considerations. 

The other subject to be alluded to is the funda- 
mental distinction that may exist between two 
couples whose personal faculties are naturally alike. 
If one of the couples consist of two gifted mem- 
bers of a poor stock, and the other of two ordinary 
members of a gifted stock, the difference between 
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them will betray itself in their offspring. The children 
of the former will tend to regress; those of the latter 
wdll not. The value of a good stock to the well- 
bcjing of future generations is therefore obvious, and 
it is well to recall attention to an early sign by 
which we may be assured that a new and gifted 
variety possesses the necessary stability to easily 
originate a new stock. It is its refusal to blend 
freely with other forms. Some among the members 
of the same fraternity might possess the character- 
istics in (iiiestion with much completeness, and the 
renniiiiilcr hardly or not at all. If this alternative 
tendency was also witnessed among cousins, there 
(*.ould be little doubt that the new variety was of a 
stable character, and therefore capable of being easily 

develoi>ed by interbreeding into a pure and durable 
race. 



TABLES. 

Table 1. 

Stuexotii of Tull. 

519 Males aged 23-20. 

From measures nmdu at the Interuatioual Health Kxhibition in 1884. 


]>n’eiitii(;oR. 


1 8trcn;jth Bull. i 

1 

f 

1 

No. of «*AKrK j 
oImc-i Veil. 1 

1 

Ni>. ' f rnin'* 

1 

8nrni» fmiM 
Ix'KOtitiitK. 

L'Hdcr 50 lbs. • 

10 i 

1 

2 

2 

M 60 „ i 

42 1 

8 ! 

10 

*f 70 »> 

140 ! 

27 

37 

80 1 

108 ' 

33 ; 

70 

.. 00 „ i 

313 

1 

21 

M 

M 100 

22 

4 

J*5 

Above 100 ,, 

24 

i 

5 

JOO 

Total : 

1 

519 ; 

100 
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Tables 4 to 8 inclusive give data for drawing Normal Curves 
of Frequency and Distribution. They also show the way in 
which the latter is derived from the values of the Probability 
Integral. 

« a S 

The equation for the Probablity Curve^ is ^ = A; e in which 
h is ** the Measure of Precision.” By taking k and h each as 
unity, the values in Table 4 are computed. 


Table 4. 

Data for a Normal Curve of Frequency 

_ .a 


X 

y 


X 

y 

X 

y 

X 

V 

0 

mi 

db 

1 0 

0 37 

d: 2*0 

0*0183 

± 3*0 

■1 

± 02 



i-a 

0*23 

± 2-2 

0*0079 



± 0 4 



1*4 

014 

± 2*4 

0 0032 

dt infi- 


db 0*6 

■iWil 

dt 

1*0 

0*78 

±26 

0*0012 

nity 

± 0*8 

0*63 1 


18 

0*40 

± 2 *8 

0*0004 



Table 5. 


Viiluea of the Probabilitv Inti'gral, “ ( e for Argument L 

V* 


' ! i 

*0 ; *1 1 *2 

! ! ’ ’ 

1 

*3 1 *4 

*5 

•6 

1 

*7 *8 , *9 

( 

0 

1*0 

2*0 

infinite 

0*00 0*11 0*22 
0*843 0*880 1 0 910 
*99:»3 ’ *9970 1 *9981 

1 

0*83 *0*48 
0*934 I 0*952 
9989 1 *9998 

f 

0*52 

0*966 

•9996 


0*68 *0*74 |o*80 
0*984 , 0*989 j 0*928 

9999 ; *9999 ; *9999 

' 1 

1-0000 


When i *4769 the corresponding tabular entry would be *50 ; 
therefore, *4769 is the value of the ** Probable Error.” 

Meirimsn 0% tkt Mctkod ^ Lead S^rm (Macmillan, 18S5)i pp. 26, 186, 
where fUUer Tables than 4, 6, ami 6 sill be found 
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Table 6. 


Values of the Probability lutegtal for Argument isj when the unit 

Ua 4/ UC* 

of measurement = the Probable error. 


Multiples 
of tne 
Prf)bable 
Error. 

•0 

*1 

■2 

*3 

*4 

•5 

•6 

•7 

•8 

•9 

0 

0-00 

0-65 

on 

0*16 

0-21 

0 26 

0*31 

0*36 

0-41 

0‘46 

1*0 

•60 

*64 

•6h 

•62 

•66 

•69 

•72 

•75 

•78 

•80 

2*0 

*82 

•84 

•srt' 

.88 

•89 

•91 

•92 

•93 

•94 

•9.5 

3*0 

•957 

.964 

•969 ! 

*974 

•978 

•982 

•986 

■987 

•990 

•992 

4*0 

•9930 

.9943 

•9951 1 

•9963 

•9970 

•9976 

•9981 

•9985 

•9988 

‘9990 

6*0 

*9993 

*9994 

•9996 i 

1 

*9997 

•9997 

•9998 

•9998 

•9999 

‘9999 

•9999 

infinite 

1*000 











Tables 5 and 6 shoie the proportion of cases in any Normal 
system, in which the amount of Error lies within various extreme 
values, the total number of cases being reckoned os 1*0. Here no re- 
gard is paid to the sign of the Error, whether it l>e jHub ovminuB, but 
its amount is alone considered. The unit of the scale by which the 
Errors are measured, differs in the two Tables. In Table 5 it is 
the ** Modulus,’* and the result is that the Errors in one half of the 
cases, that is in 0'50 of them lie within the extreme value (found by 
interpolation) of 0*4769, while the other half exceed that value. 
In Table 6 the unit of the scale is 0*4769. It is derived from Table 
5 by dividing all the tabular entries by that amount, (kinseciuently 
one half of the cases luive Errors that do not exceed 1*0 in terms of 
the new unit, and that unit is the Probable Error of the System. 
It will be seen in Table 6 that the entry of *00 stands opposite to 
the argument of 1 *0. 

If it be desired to transform Tables 5 and 6 into others that shall 
show the proportion of cases in which the plu$ Errors and the minuH 
Errors respectively lie within various extreme limits, their entries 
would have to be halved. 

Let 08 suppose this to have been done to Table 6, and that a 
new Table, which it is not necessary to print, has been thereby pro- 
duced and which we will call do. Next multiply all the entries in the 
new Table by 100 in order to make them refer to a total number 
of 100 eases, and call this second Table 66. Lastly make a converse 
Table to 66 ; one in which the arguments of 66 become the entries, 
and the entries of 66 become the arguments. From this the Table 7 
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is made. For example, in Table 6, opposite to the argument 1*00, the 
entry of *50 is found ; that entry becomes *25 in 6a, and 25 in 65. 
In Table 7 the argument is 25, and the corresponding entry is 1*00. 
The meaning of this is, that in 25 per cent, of the cases the greatest 
of the Errors just attains to ± 1*0. Similarly Table 7 shows that 
the greatest of the Errors in 30 per cent, of the cases, just attains 
to ± 1 *25 ; in 40 per cent, to 1 *00, and so on. These various per- 
centages correspond to the centesimal Grades in a Curve of Distri- 
bution, when the Grade 0^ is placed at the middle of the axis, which 
is the point where it is cut by the Curve, and where the other 
Grades are reckoned outwards on either hand, up to + 50° on the 
one side, and to — 50° on the other. 

To rectipitulate : — In order to obtain Table 7 from the primary 
Table 5, we have to halve each of the entries in the body of Table 5, 
then to multiply each of the arguments by 100, and divide it by 
*4769. Then we expand the Table by interpolations, so as to 
include among its entries every whole number from 1 to 99 inclusive. 
Selecting these and disregarding the rest, we turn them into the 
arguments of Table 7, and we turn their corresponding arguments 
into the entries in Table 7. 


Table 7. 

Olini NATES TO Noumai. Cuhve of Distkibution 

on R acaltf mUosc unit = thu Probiihlc Error ; and in which the 100 Grades run 
from 0“ to 4* SO" ou the one side, and to - 50' on the other. 


Giedos. ' 

0 

1 

2 

3 

4 

1 

f 

1 

. 5 

C 

7 1 

8 

1 “ 

1 

0 

0-00 

0*04 

007 

Oil 

01.5 

1 

! 0.19 

0-22 

0-26 

0*30 

t 

i 0*34 

10 

0-8S 

0*41 

0-45 

0-49 

0 53 

0*57 

0«1 

0-65 

0*69 

' 0-74 

20 

0-78 

0-82 

0-80 

0*97 

0-95 

! 1*00 

ro5 

1-10 

1*15 

i 1*20 

80 

1 '25 

1*80 

1 *8(1 

1*42 

1-47 

= 1-54 

1*60 

1-67 

1*74 

i 1-82 

40 

TOO 

1-99 

2 -os 

2*19 

2*81 

I 2*44 

2 '60 

2*79 

3 05 

1 3*45 


But in the Schemes, the 100 Grades do not run from — 50° through 
0° to -f 50°, but from 0° to 100°. It is therefore oonvenient to 
modify Table 7 in a manner that will admit of its being used 
directly for drawing Schemes without troublesome additions or 
subtractions. This is done in Table 8, where the values from 
50° onwards, and those from 50° backwards are identical with 
those in Table 7 from 0° to 50°, but the first half of those 
in Table 8 are positive and the latter half are negative. 








Table 8. 

Ordinateh to Normal Curve of Distribution on a scale whose unit = the Probable Error, 

and in which the 100 Grades mn from 0’ to 100®. 
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Table 9. 

Marriage Selection in REHrEcr to Stature. 

The 205 mnle parente and the 205 female parents are each divided into three 
i;roupi — T, M, and S, and t, m, and a, respectively — that is, Tall, Medium, and 
Short (medium iiialr measuromciits being taken as 67 inches, and upwanls to 70 
inches). The numlier of marriages in each possible combination between them 
were then counted, with tlie result that men and women of contrasted heights. 
Short and Tall, or Tall and Short, married about os fntquently as men and women 
of similar heights, both Tall or both Short ; there were 32 cases of the one to 
27 of the other. 


S., t. M. 

12 ca 8 «‘H. 20 ( 


S., ni. 

M. 

25 ciUM‘S. 


S., 8. 

M 

9 casi'H. 

28 < 


, t. 

T.. t. 

!ases. 

18 cases. 

, m. 

T., m. 


28 cnstiB. 

8. 

T., K. 

-*a.si*s. 

14 vases. 


Short and tall, 12 -t- 14 
Sliort and short, 9 \ __ 
Tull and tall, 18 j 


-32 cases. 
27 ca.si*.s. 


Wo may thon'foro regard the innrric<l folk as couples pickofl out of the general 
population at huphnxard when applying the law of probabilities to hemlity of 
stature. 


Table 9a. 

M.VUUIAOK SKLKiTlON IN UF.smT TO EyE CoLOUR 
ill 78 Pareiital Couples. 


voiinir ui 


Huslwnd ! Wife. 


No. of j 
ra»«»8 I 
obstTVed. 1 


J VI V.VI11I*. 


Obs. Chance. . ObseTVed. Chance. 


i Eve Colour 
•> 

i>f Husband 
and Wife. 


Light I Light ; 
linxel I lliutel I 
Dark i Dark . 


29 

2 

0 


37 

3 

8 


37 

2 

7 


48 


46 


Alike 


Light 
11 axel 

Raxei 

Ihirk 

Light 

Dark 


i llaxel \ 

\ , ) 

Puk ) 

Hnxel ) 

Dark ' | 
Light I ^ 


18 

4 

19 



f Half-con- 
\ trusted 


32 Confru-stetl 


The cluuice coiuhiiiatious in pairs are calculate^.! for a (lobulatiou €'>iit.ainiiig 
61*2 |>er eent. of Light Eye-colour, 12*7 of Hazel, and 261 of Dark. 
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Table 9b. 

Marriages of the Artistic and the Not Artistic. 


Rank in Pedigrees. 

So. of 
ftfr- 
80118. 

Percentages. 

Mules. 

Fcinules. 

Fairs of artisiic 
liors 

M irriiiti(*8 j 

olsierved. | 

Hiid nut anisiiu 
ons. 

Chance 

eombinutiuns. 

urt. 

not. 

art. 

not. 

botli 

art. 

1 art. 
1 not. 

both 

nut. 

iHith 

art 

1 art. 

1 not 

both 

not. 

Parents 

826 

32 

68 

39 

61 

14 

31 

50 

12 

46 

42 

Paternal grandparents .. 

280 

07 

Ai • 

73 


70 

12 

31 

57 

8 

41 

51 

Maternal grandparents.. 

288 

24 

76 

28 

. 

72 

9 

41 


7 


54 

Totals and means... 

804 

28 

72 

33 

67 

12 

36 

52 

9 

42 

49 

Tastes of Husband and Wife — alike .. 



12 + 52 : 

= 64 


= 58 

tf t* 

9f 

contrasted. 




3t5 



42 

1 

1 


Table 10. 

Effect cton Adult Ciiildkkn or I)iFFKftENf-K.s in HEr(;iir of tiikik 

I’arknth. 


Diflemire in inolioH 
lH*tww*n the Hriglils 
of the Parents. 


j rrofK>rtion p<*r 50 of eawa in wJiirli 
the Heights* of the Thilclren 
tl<'\iiited to vnriouM amounts from 
the MiU-HIial Status* of llieir 
resjicctive fiiinilieH. 



C (R 
* i 

rt 5 

’ « t 

■ 2 








o 

5.S 

or s 

OR 


, 5.5 




' »>N ' 


Numl»er of 
(’hi M roll whoHO 
II eights were 
ohserved. 
(Total 525.) 


! Under 1 inch 

. 1 21 

35 

43 

46 

48 1 

105 

! 1 and under 2 .... 

23 

37 

46 

49 

50 ; 

122 

t o ^ 

16 

34 

41 

45 

49 : 

112 

j 3 5 ... 

- 1 24 

.35 

41 

47 

49 j 

]0S 

1 5 and above 

I 

30 

40 

47 

49 1 

78 


^ Every female heiglit h:is U^eii tmtMniitrtl to its male er|U)vali nt hy iiiulti- 
plyitig it Iiyl'OS, and only those families Itave Ix^n included in which the 
number of adult children ainount4*d to at least. 

jfoTE. — When theee figures are protracted into curves, it will Ije seen — (1 ) 
that they mn much alike ; (2) tlut their |>eruiiantica are not in M'quence ; and 
(3) that the curve corresponding to the hrst line occufiies a medium ftoaition. It 
]M therefore certain that diflerencee in th** heights of the Parents have on the 
whole an iticonsiderahle effect on the h^-ights of theii Off«.prin'L 





















Table 11 (R.F.F. Data). 

Ki'MBKft or Ani'LT CHiLDRsy OP VAiiioi-i* Statures born or 2o:i Mid-Parents of various Statures 

(All Female Heights have been mnltiplieil by 1 *08.) 
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Tabu 13 (Special Data). 

Rkutite xman or Biotbcm or vabiocs Heicbt* to Mbs or variuca Heights, Fajiiues or Five Brotbess ako 
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Table 14 (Special Data). 

Deviations or individual BaoTREas from their Mid-Fraternal 

Statures. 


Number of brothers in each family 

1 

4 

1 

5 

6 

7 

Number of Families 

f 

SO 

1 

1 

23 

8 

i 

6 

Amount of Deviation. 

Numlrr 
' of cases. 

XuimImt 
of CUSCH, 

Nuiiilrr 
of COM'S, 

1 

NuinW! 
of coa<vi. ! 

i 

Uinler 1 inch 

; 88 

62 


21 

1 ami under 2 

49 

30 

18 

14 

2 and under 3 

15 

1 

17 

5 

6 

3 and under 4 

4 

3 

3 

1 

1 

4 and above 

i 

-| 

\ I 

* ; 

•» 

2 

• 

1 

i 

< 

... f 

1 
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Table 10 .. 

The Descekt of IIaze!.'Eyrd Families. 


Oeiieral pcipulation 
111. Grandparents. 

11. Parents 

1. Children 


1 

1 

1 

OhservtMl 

« 

1 

1 

lVn*cnlacc 

s. 

Total 







cajk‘.s. 







1 

Light. 

i 1 

Iliir.e). 

Dark. 

Light. 

1 

Hazel. 

Dark. 

4490 

! 2746 ‘ 

r.<50 

1175 

61 ‘2 

12-7; 

26 1 

: 449 

! ! 

61 

121 

60 

13 

27 


. 165 

8.5 ' 

86 

49 : 


26 

; 948 

1 

! 

; 4n0 

1 

1 * 

302 ; 

\ 

t 

216 

45 i 

1 

32 

1 

23 


Table 17. 

CaUTLATEI* C<iNlHim TloNS OF Kvii r 

Data limited lo tin* eye-rolonrs nf the 


Contrilmtion to the 
heritage from each. 


2 parents. 


4 gramljuirents. 


2 juire 
4 giumi 


I. 


II. 


III. 



Liglit 

Dark. 

light. 

Dark. 

J.ight. 1 

Dark. 

Light-eyed parent 
Hazel-i*ye<l jtarent 

Dark eyetl jwireut 

0-30 ’ 

0-30 



0*25 

0 16 

• « « 

0 09 

0 25 

Light eyed grandparent.. 
HsKeLeyed gnind|«nmt.l 
Dark-eyed grand parent...! 



016 

0 10 

0 06 

0 08 

0 05 

• ft • 

0 03 

Reatdue, rateahlj oa- j 
signed 1 

i 

1 

0*28 . 

t 

012 

0*25 

0 11 

j 

0 12 i 

1 

0*06 
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Table 18. 

Ejlample ok One Calculation in each of the Three Cases. 


1 . 

1 

1 . — . 

11 . III. 

1 1 

a 1 

' 2 • 1 

Ancofltry ninl their -t; , Coiitrihut« 1 
eye-coloiirn. > « *S ' to 

1 S ' 

2 es ' 

j 1 ’ 1 i 

1 ^ -5 1 Contribute .2 Contribute 

5 5 is 55. to 

.£ e* ^5 

< 5 . te rt 

1 ^ " - 

i d ^ ; 

1 Liglit. Dark. | 

1 ( ! 

i • 1 

1 Light. 1 Dark. Light. Dark. 


! Li^lit-pyoil juircnts.) 2 0’60 

1 |uiri*ni.*4.| ••• 

I lln»k-»*yotl |iurcutt4 .} 

I 

Light grHinl*| 



ifjujol Oil gmiid- 

])ar('UtH 

I)Hrk-i>y»Hl grand 

pan'll tM 

U(*Aiiiue, rutrahly am- 


Total i'nntrihutioMA • ; O'J'S 0*12 
: 1 -00 


0 16 009 


1 I 016 j ... 

i 

2 , 0-20 I 012 


0 1 6 


0-61 : 0-39 


1-00 


012 i 0*06 

i 

_ I 


0-46 0’54 


1*00 
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Table 19. 


Obsekvkx) and Calculated Eye-colour8 in 16 Okoups of Familieh. 


Those itamilics are groujted to^etla r in whom the dii>trilmtioii of Light, Hazel, 
and Dark Eye-colour among the Parents and Grandparents is alike. Each group 
contains at least Twenty Brothem or Bisters. 



Ey 

e-colours of the 


I 

f 

i 

1 Total 

! NutnU'r of the light eye- 

! coloured chilureii. 

> 







• 




Parents. 


OrandiMiTt'nts. 

child- 

! Oh- 

1 

1 

1 

Calculated. 







ren. 

1 


1 

j 





1 

’ ■ 


starved. 

i 

) 

4 

1 

Light. 

Hazel. Dark. 

Light. 

' Hazel. 

■ 

Dark. 

1 


1. 

i 

: 11. 

1 111. 

i 

2 

i 

• • • 

• • • 

4 

1 • • • 

♦ • t 

* 

: 183 

174 

; 161 

’ 163 

i 172 

2 



a 

1 


5 53 

46 

47 

44 

i 48 

2 


... 

3 


i 

' f»2 

«K 

81 

07 

7i* 

2 

* • « 

... 

2 

i . 

1 

■ 27 

20 

24 

18 

22 

• « « 

• • 4 1 

2 

2 

... 

2 ■ 

22 

11 

6 

1 12 

0 

1 

1 

... 

3 

1 


fi2 

52 

48 

51 

51 

1 

1 1 


3 

\ 

* « • « 

1 

42 

30 

' 33 

, 3] 

i 32 

1 

1 


2 

1 2 • 

• « • 

31 

28 

. 24 

! 24 

: 20 

1 

1 ; 

1 

2 


2 

4» 1 

35 

i 38 

; 28 

i 3^ 

1 ! 

1 

i 

2 

i 

1 

31 - 

2:> 

24 

' 21 

i 23 

1 i 

1 

■ • • 

1 

3 

1 a - a 

1 

76 : 

45 

. 44 

1 55 

i 

1 i 

• • - : 

1 ; 

2 

... • 

2 

«« , 

30 

, 38 

j 38 

35 

1 1 

f 

« » * ) 

1 ‘ 

2 


1 1 

27 1 

1.5 

16 


10 i 

I 

( 

1 

1 

.. 

» ! 

20 i 

U 

’ 12 

1 8 

1 » 

1 I 

a • • t 

1 

1 

1 ■ 

«> 

4W 

22 


13 

i 11 

11 

1 

... 1 

1 

1 

1 

1 

2 

j 

24 ; 

1 

3 

14 

! 12 

! 

i 

t 

1 

\ 


i 


i 

i 

1 

/ 

62i» 

023 

! 601 

\ 

t 

1 014 

1 
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Table 20. 

OnHKUVED AND CALCULATED EtE-CoLOURS IN 78 SEPARATE FAMILIES, EACH 
OF NOT LESS THAN SiX BltOTIlEItS OR SiSTRRS. 


Eyc-colours of the 


Number of the light eye- 
coloured children. 


Parents. 


Light. Hazel. 


2 

2 

2 

2 

2 

2 

2 

2 


Total 

Grandparents. 1 child- 
ren. Ob- 
served. 

Dark, i 




Calculated. 


10 i 


6 i 
10 : 

4 . 

5 , 

1 i 

1 ! 

3 ‘ 


I. 

II. 

III. 

6*3 

6*3 

6*6 

5*3 

6-3 

6*6 

6 -3 

6'8 

5 6 

5-8 

5 -3 i 

5-6 

6*2 

6-2 1 

6*6 

6*2 

6-2 1 

6*6 

C*2 

6*2 

6*6 

6*2 

6 -2 i 

6-6 

6-2 

6-2 

6-6 

7*0 

71 

7*6 

7*0 

7*1 : 

7*6 

7*0 

71 ; 

7*6 

7*0 

71 

7-5 

7-0 

7-1 

7-6 

7*0 

7*1 

7*8 

10 •« I 

10-7 

11*3 

6-2 ; 

8*8 

6*4 

8-8 • 

8‘3 

9*1 

10 n 1 

100 

10-9 

6-2 ! 

5*1 , 

6 0 

7*0 

5'8 ; 

6*9 

7*9 

6*6 • 

7*7 

7-9 

6*6 i 

7*7 

7*9 

6-6 , 

7*7 


8-8 

6-2 

8*8 

rr3 

8-8 

6-2 

r»*4 

1*7 

2J» 

2*7 

31 

1-7 

20 

4*7 

5- 8 

6- 2 I 
7*0 ' 
8*0 ; 
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Table 21 . 

Eruou in (Uix'ULATioxk. 


Numlieraof Errorfi of variouB Amountft in the S CalculatioiiH, Table 20, of the 
Nuiitber of Light Eye-coloured Childi’eu in the 78 Familien. 


4 

4 

t 

Data employed referring to 

Amount of Errors. 

Total 

Cases. 

1 

B 

B 

m 

1*8 

to 

2*8 

2-4 

and 

above. 

I. The 2 jiareiits only 

11. The 4 grand piinmts oiil}' 

111. The 2 parents and 4 grand- 
p areiits 

19 

16 

t 

30 

28 

17 

18 

10 

8 

5 

10 

4 


78 

78 

78 


Table 22. 

iNnKUiTAxrR or the Artiktic Factltt. 


Parents. 

Children. 

Observed. 

Per cents. 

1 ^ 

N uinWr ! 'rv. i 

of 1 TotHl Of»l*oin 

Kmton.i.;cUiWrfU.: 

'■ i i 

Observed. 

Calculated. 

1 

nrt ' 

i art. 

i BOt 
art. . 

t art 

! 

1 

i ’ 1 

r , • 

Hoth artistic i 80 ! 148 1 98 | C4 ! 86 

One artistic: one not..! 101 ; 820 \ 201 | 89 | 61 

K either artistic 1 150 , 889 < 173 ! 21 | 79 

60 

89 

17 

40 

61 

88 

Totals 

281 j 1507 ! 469 ; 100 | 100 

- ! 

100 

100 


The *'|tan}iita " and the “ children *’ in this Table usually rank respectively 
Qraiid|viu«uUi and IHirvuts in tlio ILF.F. fn 














APPENDIX. 


A. 


The following memoirs by the author, l)earing on Heredity, liavo 
been variously utilised in this volume : 


Experiments in Pangenesis. Ptoc, Royal Roc.^ No. 127, 1871, p. 393. 
Blood Kelationship. Proc. Royal ^oc.. No. 130, 1872, p. 394, 

A Theory of Heredity. Journ, Anthro^nd, JubL^ 1875, p. 329. 
Statistics by Intercomi^arison. Phil, J/ay., Jan. 1875. 

•Un the Probability of the l^^xtinction i>f Families. Journ, Aniliroptd. 
1875. 

Typical laws of Heredity. Jouru. Royal Inet,^ Feb. 1877. 
•Geometric Mean in Vital and Social Statistics. Proc, Royal Soc,, 
No. 198, 1879. See subscipieut memoir by Dr. Macitlister. 
Address to Anthrop. Section British AsKociation at Aberdeen. 
Journ, Brit, Absoc.^ 1885. 


Begression towards Mediocrity in Here<litary Stature. Journ, 
Anthropol. JubI.^ 1885. 

Presidential Addresses to Antbro{Kd. Inst., 1885, 6 and 7. 

Family Likeness in Stutim*. Proc, Royal Soc., Nr». 242, 1886. 

Family Likeness in Eye-colour. Proc. Rf>yal Soc,^ No. 215, 1886. 

•CJood and Baid Temper in English Familie.s. Fortuiyhtly Review^ 
July, 1887. 

Pedigree Moth Breeding. Trans, Entomoloy, <S'oc., 1887. See 
also subsequent memoir by Mr. Merriheld, and another read 
by him, Dec. 1 887. 


lliOM marked with an asterisk (*) are reprinu-d «ith flight reviMon in tlie 
Appendices F, D, and K. 



220 


NATURAL INHERITANCE. 


WORKS ON HEREDITY BY THE AUTHOR. 

(Published by Messrs. Macmillan k Co.) 

Hereditary Genius. 1869. 

English Men of Science. 1874. 

Inquiries into Human Faculty. 1883. 


Record of Family Faculties.^ 1884. 2s. 6<f. 

I^ife History Album * (crfiVcd by F. Galton). 1884. 3«. 6(f. and 4s. 6<f. 

* The lUu'ord of Family FacuUicB consists .of Tabular Forms and Directions 
for ent4‘rii)g Data, with an Kx|»lanatory I’lvfnce. It is a large thin quarto book 
of seventy boun<l in lim]» cloth. The first part of it coutains a preface, 

with explanation of the object of the work and of the way in which it is to bo 
used. Tile rest consists of blank forms, with printi'd questions and blank spaces to 
Im! filled with writing. Tin* Record is designed to farilitate tlie orderly collection of 
such data as are imjtortaiit to a fiimily from an hen‘ditury point of view. It allots 
eijual space to ev»‘ry direct ancestor in the nearer degrt'es, and is gnppo.scd to be filled 
u]i in mo.Mt cases by a ])arent, say the father of a growing family. If ho takes 
]iuiiiK to make inquiries of elderly relatives and friends, and to seek in registers, 
he will be iibh’ to ascertain most of the reqiiin'd particulars concerning not only 
his own pun iits, but also coneeniing his four grandparents ; and he can ascertain 
like particulars eonceniing those of his wife. TbenTore his children wdll be pro- 
vided with a large store of inibnnation about their two parents, four grandparents, 
and eight great -grand parents, which form the whole of their fourteen nearest 
aneeslms. A separate scIkmIuIc is nllottetl to ea»*h of them. Space is afterw'ards 
provided for the more im]K>rtant data eoiieerning many at least, of the brothers 
and sisters of each direct aneestor. The schedules are followed by Summary 
'rabli‘8, in W'hieh the distiibution of any ehuracteristic throughout the family at 
large may In* eouipendiously exbibitetl. 

The T.ife llistory Album was ]»repared by n Sub-rommillee of the Collective 
Investigation Committee of the Urilisli Medical Assmiation. It is designed to 
serve as a eontiiiuonH register of tlie prineipal biological facts in the life of its 
owner. The lumk begins witli :i b w pages of explanatory rt-maiks, followed by 
tables and clini ts. The first Uible is to contain a brief medical history of each 

m 

niemlM»r of the near ancestry of the owner. This is followed bv printed forms 
on whieb the iimin fB<'ts of the owners growth and development from birth 
onwards may Ih< ngisten'd, and by ehaiis on wl ieli uieasureinents may be laid 
down At appr<*printo iiitervalN and comfwml with the cun’es of nonnal growth. 
Most of the required data aiv such as' any intelligent iiorson is ca|>able of record- 
ing : those that refer to illnesses should Ih> brief and technical, and ought to be 
filbnl up by the metUeal attendant. Explanations are given of tbe most con- 
venient tests of musi'ular fonv, of keenness of eyesight and hearing, and of tbe 
colour sense. The 4^. 6d. eiiition contains a card of variously coloured wools to 
test U»o sense of colour. 


Hiese two works pursue similar objects of personal and scientific utility, 
along diflTerout |wtha The Album is designed to lay the foundation of a practice 
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of xnaintainiDg trustworthy life-histories that shall ho of medical servioo in after- 
life to the person who keeps them. The Kecord shows how tlie life histories of 
members of the same family may be collated and ust'd to forecast the development 
in mind and body of the younger generation of that family. Doth works are 
intended to promote the registration of a large amount of infonuation that has 
hitherto been allowed to run to waste in oblivion, instead of nre.umulating and 
forming stores of recorded cx]»erience for future ]>ei'sonAl um*, and from which 
future inquirers into heredity may hope to diuw copious supplies. 


B. 

PROBLEMS BY J. D. HAMILTON DU'KSON, FKLLuW AND TirToR OK 

ST. PETEU’S roLLEOK, CAMORIIK^K. 

(lirprhUi'd from Prot\ Jloyal Hoc., Xo. 242, 1886, p. C3.) 

Problem 1. — A point P is cnpablc* of moving ahmg a stmight lino 
P'OP, making an angle with the axis of y, which is ilniw'n 

through O the moan [Misiiion of P ; the prolmhle ermr of the pro- 
jection of P on Oi/ is 1*22 inch : another jioint p, wdioso mean jxwi- 
tion at any time is P, is cajiable of moviiig from P ]»aralltd to the 
axis of X (rwtnngular co-ordinates) with a prolMihlu errm* of 
1*60 inch. To discuss the **surfiujo of frequency ” f)f p. 

1. Expressing the ** surface of frequency ” by an t!f|uatioii in 
X, y, z, tlio exponent, with its sign changed, of the ex[)oneiitiiil 
which appears in the value of z in tlie et] nation of the surface is, 
save as to a factor, 

I/® , f Xr - 2»/)® 


hence all sections of the ** surface of frcTiiuency ” by planes {larallel 
to the plane of xy are eUi]»ses, whose equations may be written in 
the form, 


7/ . - -.y/’ 

“ 22 / 


C, a constant . . . (2) 


2. Tangents to these ellij^scs jiorallel to the axis of y are found, 
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by differentiatiDg (2) and putting the coefficient of dy equal to zero, 
to meet the ellipses on the line, 


- 2 ^^ = 0 , 
9(1*60)* ' 


that is 


aj 14 17-6 

(1-22)* 9(1*60)* 



or, approximately, on the line y — \ x. Let this be the line OM. 
(See Fig. 11, p. 101.) 

From the nature of conjugato diameters, and because P is the 
mean position of p, it is evident that tangents to these ellipses 
^Mirallel to the axis of x meet them on the line x — viz., on OP. 

3, Sections of the ** surface of frequency ” parallel to the plane 
of xZf are, from the nature of the question, evidently curves of fre- 
quency with a probable error 1 *50, and the locus of their vertices 
lii^s in the plane z OP. 

StH'tions of the same surface parallel to the plane of yz are got 
from the exponential factor (1) by making a; constant. The result is 
simplified by taking the origin on the lino OM. Thus putting x zz 
and y * y, + y\ where by (3) 


o 0 

9(1*60)* 

the oz{>ouential lakes the form 

1 ( 1 * 22 )* 9 ( 1 * 60 ) 2 )*' f 

whence, if s bo the pt'cluible error of this section, 

1 ^ 1.4 
c* (1-22)* 9(1*50)* 

or [on referring to (3)] « « 1*60 ^ 

that is, the probable eri'or of sections parallel to the plane of yx is 
nearly times that of those parallel to the plane of xx, and the 
loons of their vertices lies in the plane «OM. 
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It is important to notice that all sections parallel to the same 
co-ordinate plane have the same probable eiror. 

4. The ellipses (2) when referred to their principal axes liecome, 
after some arithmetical simplification, 


the major axis being inclined to the axis of x at an angle whose 
tangent is 0*5014. [In the approximate case the ellipses are 

_ + z= const., and the major axis is inclined to the axis of x at 

I « 


an angle tan*"^^.] 

5. The question may bo 8olve<l in general terms by putting 
YON = XOM = <f», and replacing the probable errors 1*22 uml 
1*50 by a and b resj>ectivt*ly ; then the ellipses (2) are, 




vO 


quatioii (.3) becomes 


»! + tan e* - ^ ^ (. 


a* 




or 


... (8) 

and (5) hecoineb 

11 tailed 

" .1 ~ ’ ’ ’ * 
e- a* 6^ 

■ • • (f) 

whence 

tan ^ «- 

e'~p 

. . . (10) 


If c be the probable error of the proj«»ction of y/s wliole motion 
on the plane of xz, then 


e + 


which is independent of the distance of y/s line of motion from the 
axis of X, Hence also 


tan _ rt- 
tan 0 f? 


PrMeni 2. — An index q moves under some restraint up and down 
a bar AQB, its mean position for any given position of the bar 
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being Q ; the bar, always carrying the index with it, moves under 
some restraint up and down a fixed frame YMY\ the mean position 
of Q being M : the moveinenlB of the index relatively to the bar 
and of the bar relatively to the frame being quite independent. For 
any given observed {)osition of g, required the most probable position 
of Q (which cannot be oliscrved) ; it being known that the probable 
ori'or of q relatively to Q in all positions is 6, and that of Q rela- 
tively to M is c. The ordinai-y law of error is to 1)6 assumed. 

If in any one observation, MQ ~ x, Qq — y, then the law of error 
roriuircH 


to be a miniiuiim, subject to the condition 

aj + ^ a constant. 

Hence wc have at onco, to determine the most probable values of 

a 

and the most probable position of Q, measured fi^om when q*B ob- 
served distance from M is a, is 


It also follows at once that the probable error v of Q (which may 
be obtained by substituting a — x for y in (12)) is given by 

11.1 he 

which it is important to notice, is the same for all values of o. 
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O. 

BXPEBIIIEKTS ON SWEET FEA8 BEJlRlNO ON THE LAW OP REGRESSION. 

The reason why Peas were chosen, and the methods of 

selecting and planting them are described in CJhupter VI., p. 79. The 
following Table justifies tlieir helection by the convenient and imjcu- 
rate method of weighing, ns e(|ui%^uieut to that of uieasuriug them. 
It will be st«en that within the limits of observed variation a 
difference of 0*172 grain in weight corres|Kmtls closely loan average 
difference of 0*01 inch in diameter. 


Table 1. 


CONfAAlSON OP 

Wr.nmTs op .Sweet 

Peas with 

THEIR DiAXRrEHS. 

1 

Uiiigutsliitig 

AVciiilit of oitf 

sevil iu gmiutt, of row 

niniin*>t»'r of one 
f. Ht'cti ill hiiinlr' ’*** 
of imdi. 

b*ttlT of 

— 

luo MT.ls iu 

ik.***d. 

• 'oniinon ililft niKi* 

tuthl'ii. 

' 

K 

1 7:»o 

2;*o 

21 

h 

1 

*20 *2 

20 

M 

r4<f6 

1{»‘2 


N 

1 ’‘j:m 

17 1* 


0 

1 (»«2 

170 

17 

y 


16 1 

16 

Q 

’71« 

15'2 

15 


The results of the exf>eriinent are given in Tabic 2 ; its first and 
last columns are tbos<^ that esfiecially intcn^st us ; the remaining 
columns showing how these two w'ere ohlaiutKl. 

It will he seen that for ea<*h increase of one unit on the part of 
the parent seed, there is a mean increa^e of only one'third of a unit 
in the filial seed ; and again that the mean filial si^d resemhles the 
parental when the latter is about 15*5 hundredths of an inch in 
diameter. Taking 15*5 as the point towards which Filial Regression 
points, whatever may be the parental deviation from that point, the 
mean Filial Deviation will be in the same direction, but only one* 
third as much. 
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Table 2. 

Pauent Sekiih and theiu Produce. 

The iiuuil>er of sweet peas of differeut sizes, produced by parent 

(i 4 MnlH also of different sizes, am given below. The measurements are those ot 
tlieir mean diameters, in hundredtlis of an inch. 
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This }H>int is so low in the scnlo, that 1 possess less evidence than I 
desired to the bettering of the proiliico of very small seeds. 

TMie seeds smaller than Q were such a miserable sot that I could 
hunlly deal with them. Moreover, they were very infertile. It did, 
however, happen that in a few of the sets some of the Q seeds 
turned out very wtdl. 

If 1 4U*sired to lay inueli stress on these experiments, I could make 
my case considerably stronger by going minutely into other details, 
inehidiug c<mfirmatory imuisuromeiits of the foliage and length of 
|Knl, hut 1 do not Ciire to do so. 


D. 

noon AND HAD TKUrGR IN ENGLISH FAMILIES.* 

i>NK of the (|uestions put to the compilers of the Family Records 
siHiken of in t»age 72, referreti to the “Charat'ter and Tempera- 
ment of the persons described. These were distributed through 

I after flight rcvi^^ioii from ForiHightltf Bcvitie, July, 1887. 
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three and sometimes four generations, and consisted of those who 
lay in the main line of descent, together with their brothers 
and sisters. 

Among the replies, I find that much information has been 
incidentally included concerning what is familiarly called the 
“temper” of no less than 1,981 Iversons. As this is an ad(H)uate 
numl)er to allow for many inductions, and as temper is a strongly 
marked characteristic in all animals ; and again, a« it is t»f social 
interest fi*om the large jmrt it plays in infliuuicing domestic haj>- 
pinoss for good or ill, it seemed a proper subjtvl for investigation. 

The liest explanation of what I myself mean by the >vord 
“temi>er” will be inferr4»d from a list of the various epithets used 
by the compilers of the llecords, which 1 have interpreted as 
expressing one or other of its tpialities or degrees. Tlie e[)ithet8 
are as follows, arranged alphabetically in the two main divisions 
of good and had temper : — 

Good temjHir, — Amiable, buoyant, calm, cool, c^qnable, forbearing, 
gentle, go<Ml, mihl, placid, self-control hsl, submissive, sunny, timid, 
yielding. (15 epithets in all.) 

Bad temj^er. — Acrimonious, nggimsive, arbitrary, bickering, 
capricious, captious, chidcric, contentious, crotchety, de<‘isive, de- 
s|.>otic, domijicering, €»asily ofTtmded, fiery, fits of anger, gloomy, 
grumpy, harsh, hu'-ty, headstrong, hulTy ini|>jiti(*nt, ira|)orative, im- 
l)etuous, insa,ne teinp*r, irritable, mon).se, nagging, ftbslinate, odd- 
tempered, passionate, j>eevish, pep|K*ry, proud, pugniMUous, ipiamd- 
some, quick-tom|>ere<l, scolding, sliort, sharp, sulky, sulhm, surly, 
uuceriaiu, vicious, vimlietive. (4(5 epithets in all.) 

1 also grouped the epithets as well as I could, into the following 
five classes: 1, mild ; 2, docile ; 3, fretful ; 4, violent ; 5, master'^iil. 

Though the numl>er of epithets denoting the various kinds of 
had temper is three times us large as that used for the good, yet 
the number of [lersons descrilied under the one general heotl is about 
the same as that de8cril>cd under the other. The first set of data 
that 1 tried, gave the projx)rtion of the good to the had-temjiered as 
48 to 52 ; the second set as 47 to 53. There is little difference 
between the two sexes in the frequency of good and bad temjier, but 
that little is in favour of the women, since about 45 men are re- 

2 Q 
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corded as good-tempered for every 55 who are bad, and conversely 
55 women as good-tempered for 45 who are bad. 

I will not dwell on the immense amount of unhappiness, ranging 
from family discomfort down to absolute miseiy, or on the breaches 
of friendship that must have been occasioned by the cross-grained, 
sour, and savage dispositions of those who are justly labelled by 
some of the severer epithets ; or on the comfort, peace, and good- 
will diffused through domestic circles by those who are rightly 
described by many of the epithets in the first group. We can 
hardly, too, help speculating uneasily upon the terms that our own 
relatives would select as most appropriate to our particular selves. 
But these considerations, interesting as they are in themselves, lie 
altogether outside the special purpose of this inquiry. 

In oilier to ascertain the facts of which the above statistics are a 
brief summary, I began by selecting the larger families out of my 
lists, namely, those that consisted of not less than four brothers or 
sisters, and by noting the persons they included who were described 
as good or bad-tempered ; also the remainder about whose tempei* 
nothing was said either one way or the other, and whom perforce I 
must call neutral. 1 am at the same time well aware that, in some 
few cases a tacit refusal to describe the temper should be inter- 
preted as reticence in respect to what it was thought undesirable 
even to touch upou. 

I found that out of a total of 1,361 childi*en, 321 were described 
as gooil-tempered, 703 were not deKcril)od at all, and 342 were 
descrilnsd os bad-tempered. These numbers are nearly in the pro- 
portion of 1, 2, and 1, that is to say, the good are equal in number 
to the bad-tempered, and the neutral are just as numerous as the 
good and luid-tempered combined. 

The e(]uality in the total records of good and bad tem{)er8 is an 
emphatic testimony to the correct judgments of the compilers in the 
choice of their epithets, for whenever a group has to be divided into 
three classes, of which the second is called neutral, or medium, or 
any oilier equivalent term, its nomenclature demands that it should 
occupy a strictly middlemost {x>sitiou, an equal number of con- 
trasted cases fianking it on either hand. If more oases were 
recorded of good temper than of bad, the compilers would have laid 
down the boundaries of the neutral xone unsymmetrically, too far 
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from the good end of the scale of temper, and too near the bad end. 
If the number of cases of bad temper exceeded that of the good, the 
error would have been in the opposite direction. But it appears, on 
the whole, that the compilers of the records have erred neither to 
the right hand nor to the left. So far, therefore, their judgments 
are shown to be correct. 

Next as regards the projwrtion between the number of those who 
rank as neutrals to that of the good or of the bi\d. It was recorded 
as 2 to 1 ; is that the proper |) 0 |)ortion ? Whenever the nomeucla* 
ture is obliged to be somewhat arbitrary, a doubtful term should be 
interpreted in the sense that may have the widest suitability. Now 
a large class of cases exist in which the interprebition of the word 
neutral is fixed. It is that in which the three grades of magnitude 
are conceived to result from the various possible combinations of 
two elements, one of which is positive and the other negative, such 
as good and bad, and wdiich are supposed to occur on each occasion 
at haphazard, but in the long run with equal fretpiency. The 
number of possible combinations of the two elements is only four, 
and each of these must also in the long run occur with equal 
frequency. They are: 1, both positive; 2, the first positive, the 
second negative ; 3, the first negative, the second positive ; 4, both 
negative. In the second and third of these combinations the 
negative counterbalances the positive, and the result is neutral. 
Therefore the proportions in which the several events of good, 
neutral, and bad would occur is as 1, 2, and 1. These projKirtions 
further commend themselves on the gi’ound that the whole body of 
cases is thereby divided into two main groups, equal in number, one 
of which includes all neutral or medium cases, and the other all 
that are exceptional. Probably it was this latter view that was 
taken, it may be half unconsciously, by the compilers of the Records. 
Anyhow, their entries conform excellently to the proportions speci- 
fied, and I give them credit for their practical appreciation of what 
theoretically to be the fittest standard. I speak, of course, 
of the Records taken as a whole; in small groups of cases the 
proportion of the neutral to the rest is not so regular. 

The results shown in Table I. are obtained from all my returns. 
It is instructive in many ways, and not least in showing to a 
statistical eye how much and how little value may reaimuably be 
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attached to mj materials. It was primarily intended to discover 
whether any strong bias existed among the compilers to spare the 
characters of their nearest relatives. In not a few cases they have 
written to me, saying that their records had been drawn up with 
perfect frankness, and earnestly reminding me of the importance of 
not allowing their remarks to come to the knowledge of the persons 
described. It is almost needless to repeat what 1 have published 
more tlian once already, that 1 treat the Records quite confidentially. 
1 have left written instructions that in case of my death they should 
all be destroyed unread, except where 1 have left a note to say that 
the compiler wished them returned. In some instances 1 know that 
the Records were compiled by a sort of family council, one of its 
members acting as secretary ; but 1 doubt much whether it often 
ha[)pcned that the Records were known to many of the members of 
the family in their complete form. Bearing these and other con- 
siderations in mind, I thought the best test for bias would be 
to divide the entries into two contrasted groups, one including 
those who figured in the pedigrees as either father, mother, son, or 
daughter —that is to say, the compiler and those who were very 
nearly related to him — and the other including the uncles and 
aunts on both sides. 
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On comparing the entries, especially the summaries in the lower 
lines of the Table, it does not seem that the characters of near 
relatives are treated much more tenderly than those of tbe more 
remote. There is little indication of the complers having been 
biased by affection, res|)ect, or fear. More cases of a record being 
left blank when a bad temper ought to have been recorded, would 
probably occur in the direct line, but 1 do not see how this could 1)6 
tested. An omission may Ih^ duo to pure ignorance ; indeed 1 find 
it not uncommon for compilers to know very little of some of their 
uncles or aunts. The llecords scH^m to be serious and enreful com- 
positions, hardly over ustnl as veliicles for iktsoouI animosity, hut 
written in nmch the same fair frame of mind that most j)i*ople force 
themselves into when they write their wills. 


Table 2. 

t’oMUINAllONS (»K TkMI’KU IN MAUniAOK (p«r Cl‘l»tH.). 
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The sexes are separated in the Table, to show the distribution of 
tbe five classes of temper among them severally. There is a large 
proportion of the violent and masterful among the men, of tbe 
fretful, the mild, and the dcK'ile among the women. On adding 
the entries it will be found that the pro[iortioD of those who fall 
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within the several classes are 36 per cent, of mild-tempered, 15 per 
cent, of docile, 29 per cent, of fretful, 12 per cent of violent, 8 per 
cent, of masterful. 

The importance assigned in marriage-selection to good and 
temper is au interesting question, not only from its bearing 
domestic liappiness, but also from the influence it may have i 
promoting or retarding the natural good temper of our race, assunk* 
ing, as we may do for the moment, that temper is hereditary. I 
cannot deal with the question directly, but will give some curious facts 
in Table 11. that throw indirect light upon it. There a comparison 
is made of (A) the actual frequency of marriage between persons, 
each of the various classes of temper, with (B) the calculated fre- 
queiicy according to the laws of chance, on the supposition that 
there had been no marriage-selection at all, but that the pairings, 
so far as tem[>er is concerned, had been purely at haphazard. There 
are only 111 marriages in my lists in whit^h the tem|)er8 of both 
parents are recorded. On the other hand, the number of possible 
combinations in couples of persons who belong to the five classes of 
temper is very large, so I make the two groups comparable by 
redu(*ing both to percentages. 

It will be seen that with two apparent exceptions in the upper 
left'hund corners of either Table (of 6 against 13, and of 10 against 
5), there are no indications of predilection for, or avoidance of 
marriage bid ween jwrsons of any of the five classes, but that the 
figures taken from observation run as closely with those derived 
through calculation, as could be ex|>eetod frem the small number of 
observations. The apparent exceptions are that the percentage of 
mild-tempered men who mnivy mild-tempered women is only 6, as 
against 13 calculated by the laws of chance, and that those who 
marry dexjile wives are 1 1>, as against a calculated 5. There is little 
difference lie tween mildness and docility, so we may throw these 
entries together without much error, and then we have 6 and 10, 
or 16, as against 13 and 5, or 18, which is a close approximation. 
We may compare the frequency of marriages between persons 
of like temper in each of the five classes by reading the Table 
diagonally. They are as (6), 2, 9, 2, 1, in the observed cases, 
against (13), 2, 8, 1, 1, in the calculated ones ; here the irregularity 
of the 6 and 13, which are put in brackets for distinction sake, is 
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conspicuous. Elsewhere there is not the slightest indication of a 
dislike in persons of similar tempers, whether mild, docile, fretful, 
violent, or masterful, to marry one another. The large initial 
figures 6 and 1 3 catch the eye, and at a first glance impress them- 
selves unduly on the imagination, and might lead to erroneous 
speculations about mild tempered persons, perhaps that they find one 
another rather insipid ; but the reasons 1 have given, show conclu- 
sively that the recorded rarity of the marriages between mi ld> tempered 
persons is only apparent. Lastly, if we disregard the five smaller 
classes and attend only to the main divisions of good and bad 
temper, there does not appear to be much bias for, or against, the 
marriage of good or bad-tempered persons in their own or into the 
opposite division. 

The admixture of different tempers among the brothers and 
sisters of the same family is a notable fa(;t, due to various causes 
which act in different direetioms. It is best to consider them before 
we proceed to collect evidence and attempt its interfmetation. It 
becomes clear enough, and may be now taken for granted, that the 
tempers of progenitors do not readily blend in the offspring, but 
that some of the children take mainly after one of them, some after 
another, but with a few threads, as it were, of various ancestral 
tempers w’oven in, which occasionally manifest themKclvca. If no 
other influences intervened, the tempers of the children in the same 
family would on this account be alrno.*«t as varied as those of their 
ancestors ; and the.se, as we have ju.*<t seen, manded at haphazard, 
so far as their temptjr.s were concerned ; therefore the nuiril)ers of 
good and bad children in families w'r)u1d bo regulated by the same 
laws of chance that apply to a gambling table. But there are other 
influences to be considered. There is a well-known tendency to 
family likeness among brothers and sisters, wliich is due, not to 
the blending of ancestral peculiarities, but to the prepotence of one 
of the progenitors, who 8tamj>ed more than his or her fair share of 
qualities upon the descendants. It may be due also to a familiar 
occurrence that deser\*es but has not yet received a distinctive name, 
namely, where all the children are alike and yet thtu'r common 
likeness cannot be traced to their progenit<»rR. A new variety has 
come into existence through a procte-ss that affects the whole Frater- 
nity and may result in an unusually stable variety (see Chapter 111.). 
The most strongly marked family type that I have personally met 
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with, first arose simultaneously in the three brothers of a family 
who transmitted their peculiarities with unusual tenacity to numer- 
ous descendants through at least four generations. Other infiuences 
act in antagonism to the foregoing ; they are the events of domestic 
life, which instead of assimilating tempers tend to accentuate slight 
diileronces in them. Thus if some members of a family are a little 
submissive by nature, others who are naturally domineering are 
tempted to become more so. Then the acquired habit of dictation 
in these reacts upon the others and makes them still more sub- 
missive. In the collection I made of the histories of twins who 
w'ore closely alike, it was most commonly said that one of the twins 
was guided by the other. 1 8up[)Ose that after their many childish 
struggles for supremacy, each finally discovered his own relative 
strength of character, and thenceforth the stronger developed into 
tho leader, Mdiile the weaker contentedly subsided into the position 
of being led. Again, it is sometimes observed that one member of 
an (ktherwise easygoing family, discovers that he or she may exer- 
cise considerable power by adopting the habit of being persistently 
disagreeable whenever he or she does not get the first and best of 
everything. Some wives contrive to tyrannise over husbands who 
are mild and sensitive, who hate family scenes and di*ead tho dis- 
grace attending them, by holding themselves in retidiness to fly 
into a passion whenever their vrislies are withstood. They thus 
acquire a habit of “ breaking out,” to use n term familiar to the 
warders of female prisons and lunatic asylums ; and though their 
rtdatives an<l connections would describe their tempers by severe 
epithets, yet if they had married imisterful husbands their characters 
might have developed more favourably. 

To recapitulate briefly, one set of influences tends to mix good 
and bad temjH^rs in a family at haphazard; another set tends to 
assimilate them, so that they shall all be good or all be bad ; a 
third set tends to divide eatdi family into contrasted portions. 
We have now to ascertain the facts and learn the results of these 
opposing influences. 

In dealing with tho distribution of tem(>er in Fraternities,^ we 

* A Fmteniity consbU of the brothers of a family, and of the dsteis after the 
qualities of the latter have buen trauamuted to their Male Eqnivaleuts ; but as 
no change in tlie Female values seems really needed, so none has been made in 
respect to Temper, 
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can only make use of those in which at least two cases of temper 
are recorded ; they are 146 in number. 1 have removed all the 
cases of neutral temper, treating them as if they were non-existent, 
and dealing only with the remainder that are good or bad. We 
have next to eliminate the liaphazard element. Beginning with 
Fraternities of two persons only, either of whom is just as likely to 
be good as bad tem{)ered, there are, as we have already seen, four 
possible combinations, resulting in the proportions of 1 ca.se of both 
good, 2 cases one good and one bad, and one case of both bad. 1 
have 42 such Frateimities, and the observed facts are that in 10 
of them both are good tom{HU'ed, in 20 one is goo<l and one bad, 
and in 12 both are bad tem{HU*ed. Here only a triiling and un- 
trustworthy differenct* is found between the observ'tsl and the 
haphazard distribution, the other conditions having neutmlised 
each other. But when we proceed to larger Fraternities the test 
becomes shrewder, and the triiling dilTeivnco alrt*ady observed 
becomes more marked, and is at length unmistakable. 'I'hus the 
successive lines of Table III. show a continually increasing diverg- 
ence between the observed and the haphazard distribution of 
tcm[)cr, as the Fi'ateruities increase in size. A comjamdious com- 
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parison is made in the bottom line of the Table by adding together 
the instances in which the Fraternities are from 4 to 6 in number^ 
and in taking only those in which all the members of the Fraternity 
were alike in temper, whether good or bad. There are 7 4* 7, or 14, 
observed cases of this against 2 + 2, or 4, haphazard cases, found in 
a total of 49 Fraternities. Hence it follows that the domestic inOu- 
ences that tend to differentiate temper wholly fail to overcome the 
influences, hereditary and other, that tend to make it uniform in 
the same Fraternity. 

As n?gar(l8 direct evidences of heredity of temper, we must frame 
our incjuirios under n just sense of the sort of materials we have to 
depend upon. Th(*y are but coarse portraits scored with white or 
black, and sorted into two heaps, irrespective of the gradations of 
tint in the originals. The processes 1 have used in discussing the 
heredity of stature, eye-colour, and artistic faculty, cannot be 
employed in dealing with the heredity of temper. I must now 
1*011011000 those refined o|ieratioDs and set to work with ruder tools 
on my rough material. 

The first inquiry will be, Do good-tempered parents have, on the 
whole, good-temi)cred cliildron, and do bad-tempered parents have 
badd cm pored ones? 1 have 43 cases where both parents are 
recorded as good-tempered, and 25 where they were both bad- 
tempered. Out of tlie children of the former, 30 per cent, were 
good-teiniM^red and 1 0 |)er cent, had ; out of the latter, 4 per cent, 
were goml and 52 per cent, bad-tempered. This is emphatic testi- 
mony to the heredity of tem}>er. 1 have worked out the other less 
contrasted combinations of parental temper, but the results are 
hardly worth giving. TheiH> is also much variability in the 
pro|Kirtion8 of the neutral cases. 

I then attempted, with still more success, to answer the converse 
question, Do gotnl- tempered Fraternities have, on the whole, good- 
tempei*ed ancestors, and bad tem}iered Fraternities bad-tempered 
ones f Altc^r some consideration of the materials, 1 defined — rightly 
or wrongly — a good-tempered Fraternity as one in which at le ist 
two members wei*e good-tempered and none were bad, and a bad- 
temiiered Fraternity as one in which at least two memliers were 
bad-tempered, whether or no any cases of good temper were said to 
be asaociated with them. Then, as regards the ancestors, I thought 
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by far the most trustworthy group was that which consisted of 
the two parents and of the uncles and aunts on both sides. 1 
have thus 46 good-tempered Fraternities with an aggregate of 333 
parents, uncles, and aunts ; and 71 bad-tempered, with 633 parents, 
uncles, and aunts. In the former group, 26 per cent, were good 
tempered and 18 bad ; in the latter group, 18 were good-tempered 
and 29 were bad, the remainder lieiiig neutral. These i*esult8 are 
almost the exact counterpirts of one another, so 1 seem to have 
made good hits in framing the definitions. More briefly, wo mav 
say that when the Fraternity is good-tem))ered as above defined, 
the number of good-tempered parents, untdes, and aunts, exceeds 
that of the bad-tempered in the proportion of 3 to 2 ; and that 
when the Fraternity is bad-tem{>ered, tlio pro[»ortious are exactly 
reversed. 

I have attempted in other ways to work out the statistics of 
hereditary tempters, but none proved to l>e of Kunhdent value for 
publication. 1 can trace no prefiotoncy of one sex over ( lie other 
in transmitting their tempers to Iheir children. I find clear 
indications of strains of bad tem[K*r clinging to families for three 
generations, but 1 cannot succeed in putting them into a numerical 
form. 

It must not be thought that I have wished to deal with temper 
as if it were an unchangeable characteristic, or to assign more 
trustworthiness to my material than it deserves, lioth those 
views have been discussed ; they are again alluded to to show 
that they arc not dismissed from my mind, and partly to give the 
opportunity of adding a very few further remarks. 

Persons highly respected for social and public qualities may bo 
well-known to their relatives a.s having sharp temjxu's under strong 
but insecure control, so that they **fiare up’* now' and then. 1 
have heard the remark that those w'ho are over-suave in ordinary 
demeanoui* have often %*ile temixTS. If this be the case — and I 
have some evidence of its truth — I sup[)Ose they are jiaiiifully 
conscious of their infirmity, and through habitual endeavours to 
subdue it, have insensibly acquired an exaggerated suavity at the 
times when their temper is unprovoked. Illness, too, has much 
influence in affecting the temper. Thus 1 sometimes come across 
entries to the effect of, ** not naturally ill-tempered, but peevish 
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through illness.*’ Overwork and worry will make even xnild-texnpered 
men exceedingly touchy and cross. 

The accurate discernment and designation of character is almost 
beyond the reach of any one, but, on the other hand, a rough estimate 
and a fair description of its prominent features is easily obtainable ; 
and it seems to me that the testimony of a member of a family 
who has seen and observed a person in his unguarded moments 
and under very varied circumstances for many years, is a verdict 
deserving of much confidence. I shall have fulfilled my object in 
writing this paper if it loaves a clear impression of the great range 
and variety of temper among persons of both sexes in the upper 
and middle classes of English society ; of its disregard in Marriage 
Selection; of the great admixture of its good and bad varieties 
in the same family ; and of its lK*ing, nevertheless, as hereditary 
as any other quality. Also, that although it exerts an immense 
iufluenco for good or ill on domestic happiness, it seems that good 
temjKT has not been esjxjcially looked for, nor ill temper especially 
shuuned, as it ought to be in marriagO'Selection. 


E. 


THE OEOMRTttIC MEAN, IN VITAL AND SOCIAL STATISTICS.^ 

My pur()080 is to show that an assumption which lies at the basis 
of the well-known law of ** FrcM|ucncy of Error” is incon*ect when 
applied to many groups of vital and social phenomena, although that 
law has boon applied to them by statisticians with partial success. 
Next, I will point out the correct hypothesis n^K>n which a Law of 
Elinor suitable to these cases ought to be calculated ; and subsequently 
I will communicate a memoir by Mr. (now Dr.) Donald Macalister, 
who, at my suggestion, has mathematically investigated the subject. 

The assumption to which I refer is, that errora in excess or in 
deficiency of the truth are equally probable ; or conversely, that if two 
fallible measurements liave been made of the same object, their 

* fbqtrinted, with alight reviaion, from the Procetniinga qf Society^ 

No. 198, 1879. 
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arithmetical mean is more likely to be the true measurement than 
any other quantity that can be named. 

This assumption cannot be justiiieil in vital phenomena. For ex* 
ample, suppose we endeavour to match a tint ; Weber's law, in its 
approximative and simplest form, of Sensation varying as the 
logarithm of the Stimulus, tells us that a series of tints, in which 
the quantities of white scattered on a black ground are as 1, 2, 4, 
8, 16, 32, &c., will ap|)ear to the eye to be se|iiirtiteil by equal in- 
ter\*al8 of tint. Therefore, in matching a grey that contains 8 por- 
tions of vrhite, wo are just as likely to err by sekK^ting one that hns 
16 portions as one that has 4 portions. In the first case thei’o 
would be an error in excess, of 8 units of absolut>e tint : in the 
second there would be an error in deficiency, of 4. Thcfrefore, an 
error of the same magnitude in t‘xcess t»r in deficiency is not tqually 
probable in the judgment of tints by the eye. Convei’sely, if two 
persons, who are equally good judgi\s, descril>e their impressions of 
a certain tint, and one says th.at it contains 4 portiim-s (tf white and 
the other that it contnins 10 poll ions, the most reasonable conclu- 
sion is that it really eontains 8 poilions. The arithmetic mean f>f 
the two estimates is 10, which is not the most probable value ; it 
is the gecuuetric mean 8, (4 : 8 : : 8 : 16), whicli i.s the most probable. 

Precisely the same condition charjvcterises every determination by 
each of the senses ; for example, in judging c»f the weight of bodies or 
of their tompenitui'es, of the loudness and of the pitchers of tones, 
and of estimates of lengtlis and distances as v'Jwles. Thus, three 
rods of the lengths a, 6, c, when taken successively in the hand, 
appeal* to differ by (npial intervals when a:b : : h : and not when 
a^b<mb- c. In all physiological phenomena, where there is on the 
one hand a stimuhiH and on the other a resjKinse to that stimulufl 
Weber’s or some other geometric Jaw may be assumed to prevail 
in other words, the true mean is geometric rather than arithmetic. 

The geometric mean appears to l>e e(|ually applicable to the ma- 
jority of the influences, which, cnmbine<l with tliose of purely vital 
phenomena, give rise to the events writh which sociology deals. It is 
difficult to find terms sufficiently general to apjdy to the varied topics 
of sociology, but there are two categories which are of common oc- 
currence in which the geometric mean is certainly npprojiriate. Tbo 
one is increase, as exemplified by the growth of population, where an 
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already large Dation tends to receive larger accessions than a small 
one under similar circumstances, or when a capital employed in a 
business increases in proportion to its size. The other category is 
the influences of circumstances or of “ milieux ” as they are often 
called, such as a ijeriod of plenty in which a larger field or a larger 
business yields a greater excess over its mean yield than a smaller 
ono. Most of the causes of those differences with which sociology are 
concerned, and which are not purely vital phenomena, such as those 
previotisly disemssed, muy be classified under one or other of these 
two categories, or under such as are in principle almost the same. 
In short, sociological phenomena, like vital phenomena are, as a 
general rule, subject to the condition of the geometric mean. 

Tin? ordinary law of Frequency of Error, based on the arithmetic 
mean. correH|)ond8, no doubt, sufficiently well with the observed facts 
of vital and S(K:ial phenomena, to be very serviceable to statisticians, 
but it is far from satisfying their wants, and it may lead to absurdity 
w hen applied to wide <leviations. It asserts that deviations in excess 
must U*. balanced hv deviations of equal magnitude in deficiency; 
tlien'fore, if the former be greater than the mean itself, the latter 
must be U^ss than zero, that is, must be negative. This is an impossi* 
bility in many cases, to which the law is nevertheless applied by sta- 
tisticians with no small success, so long as they are content to confine 
its application within a narrow range of deviation. Thus, in respect 
of Btature, the law is very correct in respect to ordinary measure- 
ments, although it assorts that the existence of giants, whose height 
is more than double the meau height of their race, implies the possi- 
bility of the existence of dwarfs, whose stature is less than nothing 
at all. 

It is therefoi'o an object not only of theoretical interest but of 
practical ust*, to thoroughly investigate a Law of Error, based on the 
geometric mean, even though some of the expected results may 
perhaps be ap^mtint at first sight. With this view I placed the fore* 
going remarks in Mr. Donald MacalisteFs hands, who contributed 
a memoir that will be found in the Froc, Royal Soe,^ No, 198, 1879, 
following my own. It should be refen’ed to by such mathematicians 
as may read this book. 
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PBODABLE EXTINCTION OP PAJIIUES.^ 

The decay of the families of men who occnipied conspicuous posi- 
tions in past times has been a subject of frequent remark, and has 
given rise to various conjectures. It is not only the families of men 
of genius or those of the aristocracy who tend to perish, but it is 
those of all with whom history deals, in any way, oven such men 
as the burgesses of towns, concerning whom Mr. Doubloday has 
inquired and written. The instances ai*e very numerous in which 
surnames that were once common have biucc become senree or have 
wholly disappc^ai’ed. The tendency is universal, and, in explanation 
of it, the conclusion has hastily drawn that a rise in physical 
comfort and intellectual ca|)acity is necessarily accompanied by 
diminution in ** fertility — using that phrase in Ha widest sense 
and reckoning abstinence from marriage as one cause of sterility. 
If that conclusion l>e true, our poptilaiiou is chiefly maintained 
through the ** proletariat," and thus a large element of degradation 
Is inseparably connected with those other elements which tend to 
amclionite the race. On the other hand, M. Alphonse do Ctitidolle 
has directed attention to the fact that, Viy the ordinary law r>f 
chances, a large pi'oiK^rtion of families are continually dying out, 
and it evidently follows that, until we know what that propoilion is, 
'WO cannot estimate wliether any observed diminution of sur- 
names among the families whose history we can trace, is or is not a 
sign of their diminished ** fertility." 1 give extracts from M. Do 
Candolle^s work in a foot-note,^ and may add that, although 1 have 
not hitherto published anything on the matter, I took considerable 
pains some years ago to obtain numerical results in respect to Ihis 

* Bvpriated, with alight revUion, from tin* Juurn. AnihrttjmL huti, 1SS8, 

* ** Alt milicn dea renac’ignciie'iita prdcia et <lea opiaioiia de 

MM. Benoiaton dc Ch&teauoeuf, (ialton, et autrt^K htatUticicija, ju a'ai r«n* 
coutre la reBezion bien iiiij>oriant« «(U*il« aumieut du fuiiv dc rrxtiiirtion iniriUitth 
dea noma de fmmille. £irideniiucnt toua leg noma doiveiit gVteindrr.' . . . . Un 
math^maticien p( urait calruler commeut la reductinu ilng noina on Ittrea aurait 
lien, d*apr^ la probability dea naiaaaiieca toutca feiniitinea ou touies 

on melangyea et la probability d'abaenre di* iiaiaaaiicej» daua un coup 

— AU'UONSEnF Vani>olle, d'.a d dti Saranta^ 1878. 

R 
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very problem. I made certain very simple and not very inaccnrate 
suppositions concerning average fertility, and I worked to the 
nearest integer, starting with 10,000 persons, but the computation 
became intolerably tedious after a few steps, and I had to abandon 
it. The Rev. H. W. Watson kindly, at my request, took the pro- 
blem in hand, and his results form the subject of the following 
paper. They do not give what can properly be called a general 
solution, but they do give certain general results. They show (1) 
how to compute, though with great labour, any special case ; (2) a 
remarkably easy way of computing those special cases in which the 
law of fertility approximates to a certain specified form; and (3) 
how all surnames tend to disappear. 

Tho form in which I originally stated the problem is as follows. 
I purposely limited it in the hope that its solution might be more 
I»i*acticable if unnecessary generalities were excluded : — 

A largo nation, of whom we will only concern ourselves with the 
adult malos, N in number, and who each l>ear separate surnames, 
colonise a district. Their law of population is such that, in each 
generation, a^^ j»er cent, of tho adult males have no male children 
who reach adult life ; have one such male child ; have two ; 
and so on up to Oj,, w'ho have five. Find (1) what proportion of tho 
surnames will have become extinct after r generations ; and (2) how 
many instances there will be of the same surname being held by tn 
persons. 

Discustim qf the prohfem by the Rev. II. W. Watson, D.Sc., F.R.S., 
/tmiierly Fellow of Trinity College, Cambridge, 

Suppose that at any instant all the adult males of a large 
nation have different surnames, it is required to find how many of 
these surnames will have disappeared in a given number of genera- 
tions upon any hypothesis, to be determined by statistical investiga- 
tions, of the law of male population. 

liCt, therefore, bo the percentage of malos in any generation 
who have no sons reaching adult life, let a, bo the percentage that 
have one such son, a, the percentage that have two, and so on up to 
Oy, the percentage lliat have q such sons, q being so large that it is 
not worth while to consider the chance of any man having more 
than q adult sons— 'Our first hypothesis will be that the numbers 
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^1* ^ remain the same in each succeeding generation. 
We shall also, in what follows, neglect the overlapping of genera> 
tioDS — that is to say, we shall treat the problem as if all the sons born 
to any man in any generation came into being at one birth, and as 
if every man's sons were born and died at the same time. Of course 
it cannot be asserted that these assiunptions are correct. Very 
probably accurate statistics would discover variations in the values 
of Oq, Op etc., 08 the nation progressed or retrograded ; but it is not 
at all likely that this variation is so rapid as seriously to vitiate any 
general conclusions arrived at on the assumption of the values 
remaining the same through many sueceshive generations. It is 
obvious also that the generations must overlap, and the neglect to 
take account of this fact is equivalent to saying, that at any given 
time wo leave out of consideration those male descendants, of any 
original ancestor who are more than a certain average number of 
goneratioiis removed from him, and coin|H»n 8 ato for this by giving 
croilit ft»r such male desc^eiulaiits, not yet come into being, os are not 
more than that same average number of generations removed from 
the original ancestors. 

liOt then . etc., up to be denoted by the sym- 

lUO lUU 100 ^ loo 

bols <2* » “P ^ ^o» h f 

chances in the first and each succeeding generation of any individual 

man, in any generation, having no son, one son, two suns, and so on, 
who reach adult life. Let N be the original number of distinct sur- 
names, and let be the fraction of N which indicates the number 
of such surnames with s representatives in the rth generation. 

Now, if any surname have p representatives in any generation, it 
follows from the ordinary theory of chances that the chance of that 
same surname having 8 representatives in the next succeeding gene- 
ration is the coefficient of x* in the expansion of the multinomial 

(<o + f jX -f- IjfSc* + , etc. + t^Y 

Let then the expression + t^x -f -f etc. -f be repre- 
sented by the symbol T. 

Then since, by the assumption already made, the number of sur- 
names with no representative in the r-lth generation is r-i^ 

R 2 
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number with one representative the number with two 

N and so on, it follows, from what we last stated, that the 
number of surnames with $ representatives in the rth generation 
must be the coefficient of a:* in the expression 

etc. 


If, therefore, the coefficient of N in this expression be denoted by 
{x) it follows that r-i^v ^ ^ coefficients of 

and so on, in the expression {x). 

If, therefore, a series of functions be found such that 

/j(a;)=:«Q + <i®+ etc. and/r (x)=^/r,^ {t^^+t^x etc, +<*a5*) 

then the proportional number of groups of surnames with $ represen- 
tatives in the rth generation will be the coefficient of of in /r (x) 
and the actual number of such surnames will be found by multiplying 
this coefficient by N. The number of surnames unrepresented or be- 
come extinct in the rth generation will be found by multiplying 
the term independent of x in/,, {x) by the number N. 

The determination, therefore, of the rapidity of extinction of sur- 
names, when the statistical data, tQ, tp etc., are given, is reduced to 
the mechanical, but generally laborious process of successive substi- 
tution of <0 + + etc., for x in successively determined values 

(^)» AX^d no further progress can be made with the problem until 
these statistical data are fixed ; the following illustrations of the ap- 
plication of our formula are, however, not without interest. 

(1) The very simplest case by which the formula can be illustrated 
is when r/s 2 and Iq, are each equal to |. 


Here (x) « ^ f ^(x) 

and so on. 

Making the successive substitutions, we obtain 


1 i 13 . 


12« 265* S13«’ 18^ 10»^ ^ «■ 

2187 2187 2187 2187 2187 2187 '*’2187 '*’2187 '*‘2187 

: '•3188 -f ■0830&C+ *10<3&r*-l- ■07804**+ '084821*+ 05443*'+ 01437** 
+ 018221*+ 01144*^+ '00387**+ ■00104***+ 

+ 'OOOOl*" + ■00000*** ♦ •00000«*'+ 
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and tba oonsUnt term va/^ (x) or ia therefore 

. -07804 -06480 -05448 -01487 -01600 -01144 

0 27 81 248 72W 2187 6561 

■’’fMifr''' 5m»''' l77U7 ■ 

The value of which to five ptacea of decimals is *67528. 

The constant terms, thereforoi in /p/jupto/g when reduced to 
decimals, are in this case ‘33333, *48148, *571 10, *64113. and *65628 
respectively. That is to say, out of a million surnames at starting, 
there have disappeared in the course of one, two, etc., up to five 
generation^ 333333, 481480, 571100, 641130, and 675280 re- 
spectively. 

The disappearances are much more rapid in the earlier than in the 
later generations. Three hundred thousand disappear in the first 
generation, one hundred and fifty thousand more in the second, and 
so on, while in passing from the fourth to the fifth, not more than 
thirty thousand surnames disappear. 

All this time the male population remains constant. For it is 
evident that the male population of any generation is to be found by 
multiplying that of the preceding generation, by -f- and this 
quantity is in the present case equal to one. 

If axes Ox and Oy be drawn, and equal distances along Ox repre- 
sent generations from starting, while two distances are marked 
along every ordinate, the one representing the total male population 
in any generation, and the other the number of remaining surnames 
in that generation, of the two curves passing through the extremities 
of these ordinates, the popf datum cnrve will, in this case, be a straight 
line parallel to Ox, while the Bumatne curve will intersect the [lopu- 
lation curve on the axis of y, will procc^ed always convex to the axis 
of X, and will have the positive part of that axis for an asymptote. 

The case just discussed illustrates the use to be made of the general 
formula, as well as the labour of successive substitutions, when the 
expressions^] (x) does not follow some assigned law. The calcula- 
tion may be infinitely simplified when such a law can be found ; 
especially if that law be the expansion of a binomial, and only the 
extinctions are required. 

For example, suppose that the terms of the expression iQ^tiX+ 
etc.-f are proportional to the terms of the expanded binomial 
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{a^hXf* t.«. suppose that 


a* 4 al*‘^b 

i) * 


Here/i (*)= 


{a+hxy 


and 



and so cm. 


Gouerally ,m„ = { a + 


(‘ 


a 

J + r-y 


If, therefore, we wish to find the number of extinctions in any 
li^encration, we have only to take the number in the preceding 


generation, add it to the constant fraction fL , raise the sum to the 

h 


jKiwer of and multiply by 




With the aid of a table of logarithms, all this may be effected for 
a great number of generations in a very few minutes. It is by no 
means unlikely that when the true statistical data t|, etc., f, are 
ascertained, values of a, 6, and q may be found, which shall render 
the terms of the expansion (a + approximately proportionate to 
the terms ol/y (x). If this can be done, we may approximate to 
the determination of the rapidity of extinction with very great ease, 
for any number of generations, however groat. 

For example, it does not seem very unlikely that the value of q 
might be 5, while fg, might be *237, *396, 264, *088, *014, *001, 
or nearly, i, J, lAto- 

Should that be the case, we have, {x] 
and generally ,«i,- | 3 

Thus we easily get for the number of extinctions in the first ten 
generations respectively. 

*237, *346, *410, *450, *477, *496, *510, *520, *627, *533. 

We observe the same law noticed above in the case of Jf "t*, ~ 

3 

vis., that while 237 names out of a thousand disappear in the first 
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step, and an additional 109 names in the second step, there are only 
27 disappearances in the fifth step, and only six disappearances in the 
tenth step. 

If the curves of surnames and of population were drawn from this 
case, the former would resemble the corresponding curve in the case 
last mentioned, while the latter would be a curve whose distance 
from the axis of x increased indehnitel y, inasmuch as tlie expression 

/ j -f- + 3/ ; -f 4/| -h 5^^ 

is greater than one. 

Whenever (r) can be represented by a binomial, as above sug- 
gestoil, we get the equation 


r 




1 f 

(a t h)‘* [ 


a 4 



whence it follows that as r increases indefinitely the value of ap- 
pixiaches indefinitely to the value y whtu e 


1 i 


that is where y 1. 

All the surnames, therefore, tend to extinction in an indefinite 
time, and this result might have been anticipated generally, for a sur* 
name once lost can never b(> riH;overe<l, and there is an additional 
chance of loss in every successive genenition. This result must not 
be confounded with that of the extinction of the male [Kipulutiou ; for 
ill every binomial case where 7 is greater than 2, we have 4 -4 etc. 

1, and, therefore an indefinite increase of male jiopulatiou. 

The true interpretation is that each of the quuutiti(*8, ^m,, ,.7/1,^ 
etc., tends to b(H:ome zero, us r is indefinitely increased, but that it 
does not follow that the product of e4ich by the infinitely large uum* 
her N is ul>o zero. 

As, therefore, time proceeds indofiniUdy, the num}>er of surnames 
extinguished becomes a numlier of the mt/te ordtr of niatjnitude as the 
total number at first starting in N, while the uumljer surnames 
represented by one, two, three, etc., lepresentatives is some infinitely 
smaller but finite number. When the finite numbers are multiplied 
by the corresponding number of representatives, sometimes infinite in 
number, and the products added together, the sum will generally ex- 
ceed the original number N. In point of fact, just as in the cases 
calculated above to five generations, we had a continual, and indeed 
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at first, a rapid extinction of surnames, combined in the one case 
with a stationary, and in the other case an increasing population, so 
is it when the number of generations is increased indefinitely. We 
have a continual extinction of surnames going on, combined with 
constancy, or increase of population, as the case may be, until at 
length the number of surnames remaining is absolutely insensible, as 
compared with the number at starting ; but the total number of 
representatives of those remaining surnames is infinitely greater than 
the original number. 

We are not in a position to assert from actual calcvlaiion that a 
corresponding result is true for every form of/j (a;), but the reason- 
able inference is that such is the case, seeing that it holds whenever 


/j (as) may be compared with whatever a, 6, or q may be. 

(a + o) 


G. 


ORDKBLY ARRANOEHENT OF HEREDITARY DATA. 

There are many methods both of drawing pedigrees and of 
describing kinship, but for my own purposes I still {)refor those that 
1 designed myself. The chief requirements that have to be fulfilled 
are compactness, an orderly and natural arrangement, and clearly 
intelligible symbols. 

Nomenclature , — A symbol ought to be suggestive, consequently 
the initial letter of a word is commonly used for the purpose. But 
this practice would lead to singular complications in symbolizing 
the various ranks of kinship, and it must be applied sparingly. The 
letter F is equally likely to suggest any one of the three very diffe- 
rent words of Father, Female, and FratemaL The letter M suggests 
both Mother and Male ; S would do equally for Son and for Sister. 
Whether they are English, French, or German words, much the 
same complexity prevails. The system employed in HeredUmry 
GemiuM had the merit of brevity, but was apt to cause mistake ; it 
was awkward in manuscript and difficult to the printer, and 1 have 
now abandoned it in favour of the method employed in the Eeoorda 
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^ Family FaeuUiei, This will now be briefly described again. 
Each kinsman can be described in two ways, either by letters or by 
a number. In ordinary cases both the letter and number are 
intended to be used simultaneously^ thus FF.8. means the Father’s 
Father of the person described, though either FF or 8, standing by 
themselves, would have the same meaning. The double nomen- 
clature has great practical advantages. It is a check against mis- 
take and makes reference and orderly arrangement easy. 

As regards the letters. F stands for Father and M for Mother, 
whenever no letter succeeds them ; otherwise they stand for Father's 
and for Mother's res{)eciieely. Thus F is Father; FM is Father's 
Mother; FMF is Father's Mothers Father. 

As regards the principle uf)on which the numls>rs are assigned, 
arithmeticians will understand mo when 1 say that it is in accord- 
ance with the binary system of notation, which runs |)arallel to the 
binary distribution of the successive ranks of ancestry, as two 
parents, four grandparents, eight great-grandparents, and so on. 
The ** subject” of the |)edigree is of gonenition O; that of his 
|jarentK,of generation 1 ; that of his grand [larents, of generation 2, 
This is clearly shown in the following table : - 


Kiuship. 

I 


OrihT I 
of 

(iencra- 

tioii. 


Numerical Valuer 


in binary Notation. 


i| in Decimal Nota- 
tion. 


Child 0 11 

; ' 1 


Parenta ( 1 10 11 ; 2 

i » 

j 

i ! 1 . 

Gr. Par. 2 100 101 110 ' 111 , 4 

! ’ i 1 ; i 

6 

: 1 

6 { 7 

' I 

f I ' 

. 1000 , 1010 i 1100 i nio . 8 

Q. Or. Par. i 3 

1001 ion i 1100 ! nil » 

10 

11 

! 12 14 

13 i 15 


All tbe male ancestry are thus deecribed by even numbers and the 
female ancestry by odd onea They run as follows : — 
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F,2. 
FF,4. 
FFF, 8. 
FFM, 9. 


FM, 5. 
FMF, 10. 
FMM, 11. 


M» 3. 

MF, 6. 
MFF, 12. 
MFM, 13. 


MM, 7. 
MMF, 14. 
MMM, 15. 


It will be observed that the double of the number of anj ancestor 
is that of his or her Father ; and that the double of the number 
jiu8 1 is that of his or her Mother \ thus FM 5 has for her father 
FMF 10, and for her mother FMM 11. 

When the word Brother or Sister has to be abbreviated it is safer 
not to be too stingy in assigning letters, but to write 6r, sr, and in 
the plural &rs, srs \ also for the long phrase of ** brothers and sisters,*’ 
to write 6rss. 

All these symbols are brief enough to save a great deal of space, 
and they are perfectly explicit. When such a phrase has to be 
expressed as the Fraternity of whom FF is one ** I write in my 
own notes simply FF’, but there has been no occasion to adopt this 
symbol in the present book. 

1 have not satisfied myself as to any system for expressing 
descendants. Theoretically, the above binary system admits of 
extension by the use of negative indices, but the practical applica- 
tion of the idea seems cumbrous. 

We and the French sadly want a word that the Germans possess 
to stand for Brothers and Sisters. Fraternity refers properly to the 
brothers only, but its use has been legitimately extended here to 
mean the brothers and the sisters, after the qualities of the latter 
have been reduced to their male equivalents. The Greek word 
ie would do for an adjective. 


Pedigrees , — The method employed in the Pecord qf Family Faculties 
for entering all the facts concerning each kinsman in a methodical 
manner was fully described in that book, and could not easily be 
epitomised here; but a description of the method in which the 
manuscript extracts from the I'ecords have been made for my own 
use will be of service to others when epitomising their own family 
characteristics. It will be sufiicient to describe the quarto books 
that contain the medical extracts. Each page is ten and a half inches 
high and eight and a half wide, and the two pages, 252, 253, that are 



Jamba Liphook. Jamea Ltphook. 
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Iiiitiali 


ExA3IPLE a. 


Father's name 

Mother's maiden name . . 


. . Jambs Gladding. 

. . Mart Claremont. 



Principal illnesses and cause of death. 


Age at 
death. 


I 

J. 0. Father | Bad rhenm. fever; agonising headaches; diar- 
rhoea ; bronchitis ; pleurisy . . Heart diseaae 54 


R. O 
W. G. 
F. L, 
C. 0. 


bro. 

bro. 

sis. 


Rheum, gout Apoplexy 

Gofsl health except gout ; paralysis later Apopkxy 
Rheum, fever and rheum, gout . . . Apopkxy 
Delicate (inoculated) Small pox 


M. 0. Mother j Tendency to lung disease ; biliousness ; fre- 
quent heart attacks . Heart diHease and dropgy 


A. C. 
W. C. 

E. C, 

F. K. 
R. N. 
L C. 


bro, J Good health Accident 

bro. i I^ed a wild life Premaivre old age 

bro. I Always delicate Conmmptioii 

sis. j Small -pox three times .... Ocrurnl failure 

sis. j Bilious ; weak health Canerr 

I Ferer 


M. G. 

K. O. 
G. L. 

F. 8. 
R. F. 

L. 0. 


bro, < Indam. longs ; rheum, fever . . Heart disenee 
bro. i Debility ; heart disease ; colds . Cunmmption 
sia I Had headaches ; coughs ; weak spine ; hysteria ; 

I a|H)idexy Paralysie 

sis. I Bad colds ; in flam, lungs ; hysteria 

sis. I Infantile paralysis ; col^ ; nervous depression . 
•is. ; Inflam. brain, also lungs ; neuralgia ; nervous 
I fever 


50 

living 

living 

living 


(Space left for remarks.) 
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Example B. 


Father** name J&uui FiTtRor. 

Mother’* maiden name . . . Amcua Hsartwiathbr. 


Initial*. 

Kin. 

i 

I 

Principal illnease* and canee of death. 

1 

Age at 
deatli. 

R F. 

Father 

Gouty Habit . . freak Heart and Cmujett* Liver 

78 

L. F.i 

bro. 


88 

A.O. F. 

bro. 


48 

W. F. 

bro. 


16 


j 

Mother 

Gallstone*. . . . Internal iltiladif {t) Cancer 

55 

P. M. 

bro. 


86 

A. K. 

bro. 


85 

V. M. 

bra 

Still living. 


R. H. 

sis. 




aia. 


88 

ntin 

*i*. 


76 

■IH 

t : 

1 died an infant. 



I 

0. F. bro. I Gout ; b'udency to inc«eot«*rir disomie ; eniptivc 

\ disorder* . . . JW/otl poimming after a nU 46 
H. F. bro. i Liver deraiigeti ; bad beadar.Uc* ; oiict; 8iip|>oiied 

! coufluinutive Hradiutl Paralynin 45 

8. T. F. bro. Kruptire dinorder ; iiie4K'nt«ty diMsise ; intlani* 

niation of liver . . Jnjtammaiion if Lunge 42 
H. G. *i*. Erujttivtt disonlcr ; liver . . . injlam. if Lunge 47 

H. B. R sia Delicate ; tend, to mesent. disease . Voneumj^um 29 

N. F. sU. Cold* ; liver disonler ConmmplwH 80 

£. L. F. si*, j Jdeeuntcriedisvase ;irratidu)ar*weIliugH . 16 

I 2 .Ued iiihuU. 


(S|i*r« for niouirk*.) 
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fonnd wherever the book is opened, relate to the same family. The 
open book is ruled so as to resemble the accompanying schedule, 
which is drawn on a reduced scale on page 251. The printing within 
the compartments of the schedule does not appear in the MS. books, 
it is inserted here merely to show to whom each compartment refers. 
It will be seen that the paternal ancestry are described in the left 
page, the maternal in the right. The method of arrangement is 
quite orderly, but not altogether uniform. To avoid an unpleasing 
arrangement like a tree with branches, and which is very wasteful 
of space, each grandparent and his own two parents are arranged in 
a set of three compartments one above the other. There are, of 
course, four grandparents and therefore four such sets in the 
schedule. Reference to the examples A and B pages 252 and 253 will 
show how tliese compartments are filled up. The rest of the Schedule 
explains itself. The children of the pedigree are written below 
the compartment assigned to the mother and her brothers and 
sisters ; the spare spaces are of much occasional service, to receive 
the overflow from some of the already filled compartments as well 
as for notes. It is astonishing how much can be got into such a 
schedule by writing on ruled paper with the lines one>sixth of an 
inch apart, which is not too close for use. Of course the writing 
must l)e small, but it may be bold, and the figures should be written 
very distinctly. 

For a loss ambitious attempt, including the grandparents and 
their fraternity, but not going further back, the left-hand page 
would suffice, placing ** Children ” where “ Father now stands. 

Father’s Father ” for “ Father,” and so on throughout. 
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INDEX. 


AccidentSt 19, 55, 65 

Acquired peculiarities, iuheritance of, 

14 

Album for Life History, 220 
Ancestral coniributioiiH, 104 
Adelphie, 250 

Afithroitoiuetric Committee of the 
British Assoc., 05 ; authrop. ]al>o> 
mtory data, 48, 46, 79 
Apparatus, see Mo<lo1s 

d faculties, tmusinission of, 16, 

Artistic FacrLTT, 154 
Averages tell little, 36 ; comparison of 
with medians, 41 
Awards for 11.?'. F., 75 


Bartholomew's Hosiutal, 47 
Bias, Statistical ettect of, in marriage 
selection, 162 ; in suppressing cnuKc 
of death, 168 

Blends, or refusals to blend, 12 ; in 
issue of unlike parents, 89 ; in hazed 
eyes, 145; in diseases, 169 ; in new 
varieties, 198 ; in temper, 233 ; have 
no effect on statist iml results, 17 


Cabs, 26, 30, 31 

CandoUe, A de, 142, 145, 241 n 

Cards, illustration by, 188 

Chance, 19 

Chaos, order in, 66 

Child, its relation to mother, 15 : to 
either parent, 19; of drunken mother, 
15 ; or consumptive mother, 177 
Cloud compared to a population, 164 
Co*Fratemities, 94 

ConaumptioD, 171 ; consumptirity, 181 


Contributions from separate ancestors, 
134 

Cookery, typical dishes, 24 
Cousins, their nearness in kinship, 133 ; 

marriages between, 175 
Crelbi's tables, 7 
Crowds, characteristic forms, 23 
Curve of Fr«quen(*y, 40, 49 ; of Dis- 
tribution, 40, 54 


Darwin. 4, 19 

Data, 71 

De Candolle, 142, 145, 241 s 

Deviations, scbeines of, 51, 60 ; cause 
of, 55, Sff ?lrror. 

Dickson, D. H., 69, 102, 115, Ap- 
jx ndix B., 221 

Dihp.akk, 164 ; skipping a generation, 
12 

Distribution, schemes of, 37 ; normal 
curve of, 54 


?!rror, curve of Fn*qurncy, 49 ; law of, 
55 ; proliablc, 57 

Evolution not by minute stc|>s only, 32 
?!ve ('oi/irn, 138 


Families, estinclion of, Ap[tcndix ?*., 
241 

Family Rcconls, mw Keconls 
F'atbrr, see Parent 
Files in a squadron, 111 
?'i]ial relation, 19 ; regrt'aniou, 95 
Fraternities, meaiiiiig of wortl, 94, 284 ; 
to be treated as units, 85 ; issuhI 
from unlike jtanmts, 90 ; variability 
in, 124, 129 ; regression in, 108 

8 
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Freqaency, Scheme of, 49 ; model, 63 ; 
8U^5 u» of, 102 


Geometric Mean, 118, Appendix £, 238 
Oouff<(^, cookery book, 24 
OoTcmments, 22 

Gradee, 87, 40 ; of moduliu, mean 
error, Ac., 67 
Grove Wtery, 81 


Hazel evee, 144 

Hoepital, St. Bartholomew's, 47 
Hnmphreya, G., 186 


Incomes of the English, 85 
infertility of mixed tyjies, 31 
Insurance companies, 186 
Inventions, 25 
Island and islets, 10 


Kenilworth Castle, 21 
Kinsliip, formula of, 114; table of 
nearness in diiforent degrees, 182 


laboratory, anthro|K)tnetric, 43, 46, 79 
Lauds(!a|»u, characteristic features, 23 
Latknt £i.KBiRNTii, 187 ; characters, 
11 


M, its signification, 41 
Mai^alister, D., 288 
McKeudriok, IhHifussor, 20 
Malformation, 176 

Marriage selection, in temiwr, 85, 232 ; 
in eye>oolour, 86, 147 ; in stature, 
87 ; in artistic faculty, 167 
Means, 41 ; mean error, 57 
Mechanical inventions, 25 
Median, 41 
Medic<)l students, 47 
Merrihtdd, F., 136 

Mid, 41 ; Mid*parent, 87 ; mid-popula- 
tion, 02 ; inid-fratemity, 124 ; mid* 
error, 68 

Models, to illustrate Stability, 27 ; 
('urve of FT«mency, 63 ; Forecast of 
stature of childitm, 107 ; Surface of 
Frequency, 115 
Modulus, its grade, 57 
Moths, pedigree, 136 
Mother's relation to her child, 15 ; in 
consumption, 177. See Parent 
Mulatto mends, 13 


Museums to illustrate evolutioii, 38 
Music, 165, 158 


Natural, its meaning, 4 ; natural selec* 
tion, 32, 119 
Nephews, 183 
Nile expedition, 28 
Nomenclature of kinship, 248 
NoitMAL Variability, 51 


O'Brien, 84 
Omnibuses, 26, 82 
Order in apparent chaos, 66 
OiiQANic Stability, 4 


Paget, Sir J., 47 
Palmer, 48 
Pangencsia, 19, 198 

Parents, unlike in stature, issue of, 88 ; 
indirect relation to children, 19 ; 
parental relation, 110, 182 
Particulate inheritance, 7 
Peas, expcriiqonts with, 79, 225 
Peculiarities, natural and acquired, 4 ; 
inheritance of, 138 ; definition, 188, 
194 

Pedigreu) moths, 136 
Pedigrees, arrangement of, eee Appen- 
dix 0., 248, 250 
Percentiles, 46 

Personal elements, 187 ; in incipient 
structure, 9 
Petty iiiiluences, 16 
Population to be treated as units, 85 ; 
tiiuir mid -stature, 92 ; their Q, 93 ; 
successive generations of, 115 ; com- 
pared to a cloud, 164 
Priestley, Dr. W. 0., 15 
Probability integral, 54 ; tables, 202 to 
205 

Probable error, 53, 57 
. Problems in the law of error, 66 
Pkocxsses in Heredity, 4 
Pure Breed, 189 


Q, its meaning, 53, 59 


RF.F., see Records of Family Faculties 
Rank of Faculty, 86, 46 ; in asqnadron, 

no 

Records of Family Faculties, data, 72 ; 
arrangement of, 260; prelkeed re- 
mark^ 168; oljeet of book, 220; 
trustworthuieM «, 180, 167, 281 



INDEX. 


m 


Begraanoii, filid, 95, 98, 181 ; mid- 
Mffental, 99, 101 ; ptrentol, 100 ; 
fhitoxnal, 109 ; geneimlly, 108, 110, 
114 ; is a mearare of nearneai of 
kinship, 182 ; in artistic facultr, 168; 
in Gonsnmptivity, 181 ; an element 
of stability in characteristics of a 
people, 168 


SoBiMBS or Distributiox ako Frb- 
QUENCT, 85 

ScieiitiOc societies, their goremmont, 
22 

Selection in marriage, 85, 157, 147 ; 
effect of bias in, 162 ; Natural Selec- 
tion, 82, 110 

Ships of war, 123 

Simydiffcation of inquiries into heredity, 
191 

Solomon, 24 

Special data, 78 

Sports, stability of, SO, 198 

Squadron, 110 

Stable forms, 20, 123, 198 ; subordi- 
nate, 25 

Stability of sports, 30, 234 ; of charac- 
teristics in a y«ople, 163 


Statistica, are processes of blending, 17 ; 
eharma of, 62 

Statvbx, discussion or Data, 88 
Strength, Scheme of, 87 
Stmctnxe, incipient, 18 
Sweet pe^ 79, 225 
Swiss guides, 28 

Tempiji, Appendix D., 236, 85 
Traits, 9 

Transmutation of female measures, 5, 
42. 78 

Trustworthiness of the data, 130, 167, 
TyyxM, 24 ; a marked family type, 284 

Uncles, 188, 191 

Variability of Stature, in population, 
98 ; ill Mid-Parents, 98 ; in Uo-Fra- 
iemitics, 94 ; in Fraternities, 124 ; 
in a pure bre<Hl, 189 
Variation, individual, 9 

Watson. R« v. H. W., 242 
Weissman, 


THE END. 
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